I 


Volume  29 f  No.  7 
July,  1959 


,  ^KyPHAA_ 

'  OBUjEH  XMMHH 


JOURNAL  OF 

GENERAL  CHEMISTRY 

OF  THE  USSR 


CONSULTANTS  BUREAU,  INC. 


a 


Research  by  Soviet  Experts 

Translated  by  Western  Scientists 


Soviet  Research  on  the  LANTHANIDE 
AND  ACTINIDE  ELEMENTS,  1949-1957 


An  important  contribution  to  the  literature  of  nuclear  chemistry,  this  collection  of  papers  is  a 
comprehensive  presentation  of  Soviet  research  on  the  chemistry  of  lanthanides  and  actinides.  The  106  reports 
included  in  this  collection  appeared  in  the  major  Soviet  chemical  journals  translated  by  Consultants  Bureau, 
as  well  as  in  the  Soviet  Journal  of  Atomic  Energy,  1949-1957. 

The  five  sections,  totalling  657  pages,  provide  broad  representation  of  contemporary  Soviet 
research  in  this  important  aspect  of  nuclear  science.  This  collection  should  be  accessible  to  all  nuclear 
researchers,  whether  theoretical  or  applied. 

Each  part  may  be  purchased  as  follows: 


Basic  Chemistry  (25  papers] . $15.00 

Analytical  and  Separation  Chemistry  (30  papers) . $20.00 

Nuclear  Chemistry  (and  Nuclear  Properties)  (32  papers) ..  .$22.50 

Geology  (10  papers) .  $7.50 

Nuclear  Fuel  Technology  (9  papers)  .  $7.50 

Complete  collection . $65.00 


RADIATION  CHEMISTRY, 
PROCEEDINGS  OF  THE  FIRST 


ALL-UNION  CONFERENCE  MOSCOW,  1957 


More  than  700  of  the  Soviet  Union’s  outstanding  research  scientists  participated  in  this 
conference  sponsored  by  the  Academy  of  Sciences  and  the  Ministry  of  the  Chemical  Industry.  Each  of  the 
56  reports  read  in  the  various  sessions  covers  either  the  theoretical  or  practical  aspects  of  radiation  chemistry, 
and  special  attention  is  given  to  radiation  sources  used  in  radiation-chemical  investigations.  The  general 
discussions  which  followed  each  report  and  reflected  various  points  of  view  on  the  problem  under  analysis 
are  also  included. 


Primary  Acts  in  Radiation  Chemical  Processes 

heavy  paper  covers  5  reports,  plus  discussion . illustrated . .  $25.00 

Radiation  Chemistry  of  Aqueous  Solutions  (Inorganic  and  Organic  Systems) 

heavy  paper  covers  15  reports,  plus  discussion . illustrated . $50.00 

Radiation  Electrochemical  Processes 

heavy  paper  covers  9  reports,  plus  discussion . illustrated . $15.00 

The  Effect  of  Radiation  on  Materials  Involved  in  Biochemical  Processes 

heavy  paper  covers  6  reports,  plus  discussion . illustrated . $12.00 

Radiation  Chemistry  of  Simple  Organic  Systems 

heavy  paper  covers  9  reports,  plus  discussion . illustrated . $30.00 

The  Effect  of  Radiation  on  Polymers 

heavy  paper  covers  9  reports,  plus  discussion . illustrated . $25.00 

Radiation  Sources 

heavy  paper  covers  3  reports . illustrated . $10.00 


Individual  volumes  may  be  purchased  separately. 

NOTE:  Individual  reports  from  each  volume  are  available 
at  $12.50  each.  Tables  of  contents  sent  upon  request. 

special  price  for  the  7*volume  set . $125.00 

Payment  in  sterling  may  be  made  to  Barclay’s  Bank  in  London,  England. 


CONSULTANTS  BUREAU 


227  West  17th  Street  •  New  York,  N.Y.,  U.S.A. 


Volume  29,  No,  7 
July,  1959 


JOURNAL  OF 

GENERAL  CHEMISTRY 

OF  THE  USSR 

(ZHURNAL  OBSHCHEI  KHIMII) 

A  publication  of  the  Academy  of  Sciences  of  the  USSR 


IN  ENGUSH  TRANSLATION 


Year  and  issue  of  first  translation: 
Vol.  19  No.  1  January  19^9 


U.  S.  and  Canada 

Foreign 

Annual  Subscription 

$90.00 

$95.00 

Annual  subscription  for  libraries  of 
nonprofit  acadewic  institutions 

30.00 

.35.00 

Single  issue 

10.00 

10.00 

Copyright  1960 

CONSULTANTS  BUREAU  ENTERPRISES,  INC. 
227  West  17th  Street,  New  York,  N.  Y. 


Editorial  Board 

(ZHURNAL  OBSHCHEI  KHIMH) 

A.  E.  Arbuzov,  E.  D,  Venus-Danilova,  S,  N.  Danilov  (Editor-in- 
ChieOt  N.  A.  Domnin  (Assistant  Editor),  A.  I.  Zakharova 
(Secretary),  E.  D.  Kaverzneva,  M.  A.  Klochko, 

K,  P.  Mishchenko,  A.  A.  Petrov,  B.  V. 

Ptitsyn,  S.  A.  Shchukarev,  Yu.  K. 

Yur’ev 


Note:  The  sale  of  photostatic  copies  of  any 
portion  of  this  copyright  translation  is  expressly 
prohibited  by  the  copyright  owners 


Printed  in  the  United  States  of  America 


JOURNAL  OF  GENERAL  CHEMISTRY  OF  THE  USSR 


Volume  29,  Number  7  July,  1959 


CONTENTS 

RUSS. 
PAGE  PAGE 

Enthalpy  of  Mixing  In  the  Sodium  —  Tin  System.  A,  G,  Morachevtkli  and  M.  P. 

Lantiatov. .  2076  2109 

Formation  of  Pentathionates  by  the  Action  of  Acids  on  Thiosulfates  in  the  Presence 

of  Salts  of  Certain  Organic  Bases.  N.  P.  VolynsklL  .  .  2080  2114 


Physicochemical  Investigation  of  the  Interaction  of  Zirconium  Halides  with  Esters 
of  Monobasic  Acids.  V.  Complexes  of  Zirconium  Iodide.  O.  A.  Osipov  and 

Yu.  B.  Kletenlk. .  2086  2119 

Investigation  in  the  Field  of  Vapor-Phase  Catalytic  Hydration  of  Acetylene 

and  Its  Derivatives.  V.  Effect  of  the  Anions  of  Solid  Catalysts.  L  K,  Corn 

and  Yu.  A.  Gorin .  2090  2126 


Vin.  Synthesis  of  Phenylated  a,8 -Unsaturated  Alcohols  and  Diene  (1,  3) 

Hydrocarbons.  V.  L  Esafov .  2096  2129 

L  Investigations  in  the  Field  of  Dioxides  of  the  Acetylene  Series.  F.  Ya.  Perveev 

and  V.  Ya.  Statsevich .  2098  2132 

hivestigations  in  the  Field  of  Synthesis  and  Conversions  of  Unsaturated  Organosilicon 
Compounds.  IL  Synthesis  of  Silicohydrocarbons  of  the  Vinylacetylene  Series. 

I.  A.  Shikhiev,  M.  F.  Shostakovskii  and  L.  A.  Kayutenko .  2102  213'i 

Synthesis  of  3-  and  3, 5 -Substituted  Thlazoles-1,2,4.  L  Ya.  Postovskil  and 

N.  N.  Vereshchagina . i  . . .  2105  2139 


A  Contribution  on  the  Properties  and  Structure  of  Plasteins.  K.  S.  Makarov 

and  N.  I.  Gavrilov . .  2109  2143 

Allyl  Esters  of  Some  Alkane-,  Alkene-  and  Chloroalkanephosphinic  Acids.  L.  Z. 

Soborovskii  and  Yu.  M.  Zinov'ev .  2118  2152 


Synthesis  of  Trialkylgermanium  Fluorides.  B.  M.  Gladshtein,  V.  V.  Rode 

and  L.  Z.  Soborovskii .  2120  2155 


New  Esters  of  N-Trifluoromethylcarbamic  Acid.  S.  P.  Motomyi,  L.  L  Klrenskaya 

and  N.  N.  Yarovenko . .  .  . . . . .  2122  2157 


Fluorination  By  Means  of  ot-Fluorinated  Amines.  N.  N.  Yarovenko  and  M.  A. 

Raksha .  2125  2159 

Difluorochloromethylsulfenyl  Chloride.  N.  N.  Yarovenko,  S.  P.  Motocnyi,  A.  S. 

Vasireva  and  T.  P.  Gershzon . 2129  2163 

Carbylamine  Halides.  I.  Aliphatic  Carbylamlne  Chlorides.  K.  A.  Petov 

and  A.  A.  Neimysheva .  2131  2165 


CONTENTS  (continued) 


Carbylamine  Halides.  II.  Synthesis  of  Secondary  Amines  with  a  Trlfluoromethyl 

Group.  K.  A.  Petrov  and  A.  A.  Nelroysheva . 

Aromatic  Hydrocarbons.  DC.  Synthesis  of  Hydrocarbons  of  the  Indan  Series.  V.  R. 

Skvarchenko,  L.  A.  Chervoneva,  L  S.  Pastukhova  and  R.  Ya.  Levina . 

Application  of  the  Hammett  Equation  to  the  Ionization  Constants  of  Phosphoroorganlc 
Acids  In  7  and  80%  Alcohol.  T.  A.  Mastryukova,  T.  A.  Melent’eva,  A,  E. 
Shipov  and  M.  L  Kabachnlk. . 

Organophosphorus  Insecticides.  VI.  Amldoesters  of  Thlophosphorlc  and  Dlthlo- 
phosphorlc  Acids  Containing  the  0  -Ethylmercaptoethyl  Grouping.  M.  I. 
Kabachnlk,  N.  N.  Godovikov,  D.  M.  Palkln,  M.  P.  Shabanova,  L.  F.  Efimova 
and  N.  M.  Gamper . 

Reactions  of  4-Bromo-  and  4-Hydroxy-2,2,5,5-tetraalkylfuranldones-3.  I.  K. 

Korobltsyna,  L  G.  Zhukova  and  Yu.  K.  Yur*ev . 

4 -A cetyl -2 ,2 ,5 ,5 -tetraalkylfuranidones-3 .  I.  K.  Korobltsyna,  I.  G.  Zhukova 

and  Yu.  K..Yur*ev . 

Synthesis  of  Chloro-Substltuted  Dimethylstyrenes.  A.  F.  Dokukina  and  M.  M. 

Koton . 

Preparation  of  Butadiene  by  Catalytic  Dehydrogenation  of  Butane -Butylene 

Mixtures  In  the  Presence  of  Water  Vapor.  O.  K.  Bogdanova,  A.  A.  Balandin 
and  A.  P.  Shcheglova . 

Catalytic  Conversions  of  1,1-Dlmethylcyclohexane  and  1 -Methyl-1 -ethyl- 
cyclohexane  In  the  Presence  of  an  Aluminosilicate  Catalyst.  N.  A. 
Radzhabll-Seidova,  S.  I.  Khromov,  R.  M.  Gltlna,  E.  S.  Balenkova, 

E.  G.  Treshchova  and  B.  A.  Kazanskll  . . . 

Catalytic  Conversions  of  1 -Methyl -1-propylcyclohexane  and  1 -Methyl-1 -butyl- 
cyclohexane  on  an  Aluminosilicate  Catalyst.  N.  A.  Radzhabli-Seidova, 

S.  L  Khromov,  Ch.  Dorzhin,  E.  S.  Balenkova,  E.  G.  Treshchova  and 

B.  A.  Kazanskii . 

Demethylation  During  Hydrogenolysis  of  Five-Membered  Cyclanes  and  n-Alkanes 

on  a  Skeletal  Ni  —  A1  Catalyst.  N.  I.  Shuikin  and  M.  I.  Cherkashin  .  * . 

Catalytic  Hydrodealkylation  of  Polyalkylbenzenes.  I.  Demethylation  of  Toluene 

on  10%  Ni  — AljOs.  Effect  of  Hydrogen  Pressure.  N.  I.  Shuikin,  N.  F.  Kononov 
and  L.  K.  Kashkovskaya . . 

Synthesis  of  Hydrocarbons.  LXDC.  New  General  Method  of  Synthesizing  Dineoalkyls 
(CxoHze)  “  Dineopentyl  and  Its  Homologs.  R.  Ya.  Levina,  P.  A.  Kaikaris, 

L  Baukh  and  E.  G.  Treshchova . . 

Condensation  of  Halonaphthalic  Anhydrides  with  Resorcinol.  A.  P.  Karishin 

and  D.  M.  Kustol. . . 

Organoboron  Compounds.  XXXVI.  Unsymmetrical  Diarylboric  Acids  and 

Their  Derivatives.  B.  M.  Mikhailov  and  N.  S.  Fedotov . 

Organoboron  Compounds.  XXXVII.  Lithium  Salts  of  Diarylboric  Acids  and  Their 
Complexes  with  Dioxane.  B.  M.  Mikhailov  and  V.  A.  Vaver . 


RUSS. 
PAGE  PAGE 

2135  2169 

2140  2174 

2145  2178 

2149  2182 

2157  2190 

2163  2196 

2168  2201 

2171  2204 

2179  2212 

2185  2219 

2191  2225 

2197  2230 

2202  2236 

2207  2241 

2210  2244 

2214  2248 


CONTENTS  (continued) 


RUSS. 
PAGE  PAGE 


6  -Naphthyl  Derivatives  of  the  ArPbX8  Class.  V.  L  Lodochnikova,  E.  M.  Panov 

and  K.  A.  Kocheshkov . 2219  2263 

Esters  of  Urethanphosphorlc  Acids.  A.  V.  Kirsanov  and  M.  S.  Marenets . 2222  2266 

Reaction  of  Phosphorus  Pentachloride  with  Diacid  Chlorides  and  Diesters  of 
Arylsulfonamidophosphoric  Acids.  E,  S,  Levchenko,  L  N.  Zhmurova 

and  A.  V.  Kirsanov .  2228  2262 

Investigation  in  the  Field  of  Triazine  Derivatives.  L  Some  Substantive  Triazine 

Azo  Dyes.  V.  I.  Mur .  2232  2267 

Reaction  of  Sulfur  Chloride  with  1,2 ,4 -Trichlorobenzene.  O.  M.  Cherntsov 

and  V.  I.  Mur .  2236  2271 

Conversion  of  Benzyl  Alcohol  on  Gumbrine.  L  N.  Samsonova  and  N.  N.  Moshina,.  ....  2240  2276 

Investigations  in  the  Field  of  Conjugated  Systems.  Cl.  Oxidation  of  Vinylalkyl- 

acetylencs  with  Benzoyl  Hydroperoxide.  V.  M.  Al'bitskaya,  E.  M.  Blyakhman, 

A.  A.  Petrov  and  T.  V.  Yakovleva .  2243  2278 

Investigations  in  the  Field  of  Conjugated  Systems.  Cn.  Direction  of  Hydration 

of  Vinylalkylacetylenes.  B.  S.  Kupin  and  A.  A.  Petrov . 2246  2281 

Synthetic  Anesthetics:  y  -Piperidones,  y  -Piperidols,  and  Their  Esters.  L  N. 

Nazarov,  N.  S.  Prostakov,  N.  N.  Mikheeva,  and  S.  L.  Davydova .  2260  2286 

Synthesis  of  Stereoisomeric  l,2,6-Trimethyl-4':carbalkoxy-4-piperidols.  I.  N. 

Nazarov,  B.  V.  Unkovskii,  L  A.  Mokhir,  and  G.  S.  Gusakova, .  2267  2292 

Structure  of  the  Reaction  Product  of  2-Amino-4-methylthiazole  with  ot-Oxides. 

Yu.  K.  Yur*ev,  K.  Yu.  Novitskii  and  M.  N.  Demina . . . .  .  2263  2299 

Derivatives  of  2-Chromonecarboxylic  Acid.  V.  A.  Zagorevskii,  D.  A.  Zykov 

and  V.  G.  Vinokurov . . . .  .  .  . .  2267  2302 

Synthesis  and  Properties  of  Pyrrolidine  Bases,  vn.  Some  Esters  of  2-Methyl-N-6- 
hydroxyethylpyrrolidine.  A.  P.  Terent’ev,  M.  A.  Volodina,  V.  G.  Mishina 

and  I.  V.  Komissarov .  2271  2307 

Synthesis  Using  Acrylonitrile.  XXXm.  Cyanoethylation  of  p-Cresol.  A.  N. 

Kost,  B.  M.  Sheiman  and  A.  P.  Terent’ev .  2276  2310 

Synthesis  of  2,6,10, 14,18, 22-Hexamethyl-2,6, 10,14,18, 23-tetracosahexaen-22-ol  — 

Farnesylnerolidol.  G.  A.  Vorob’eva,  L  K.  Sarycheva  and  N.  A. 

Preobrazhenskii. .  2279  2314 

Synthesis  of  9,12-Octadecadienoic  Acid.  I.  K.  Sarycheva,  G.  I.  Myagkova  and 

N.  A.  Preobrazhenskii. .  2283  2318 

Synthesis  of  l-Acyl-2-chloro-l-cyclopentenes  and  Ethylene  Ketals  of  2-Acylcyclo- 

pentanones.  N.  K.  Kochetkov,  E,  E.  Nifant’ev  and  V.  N.  Shibaev .  2288  2324 

Bromination  of  0  -Keto  Acetals.  N.  K.  Kochetkov,  E.  E.  Nifant'ev  and  N.  V. 

Molodtsov . 2294  2330 

Synthesis  of  3-Hydroxy-3-alkyl(aryl)quinuclidines  and  Their  Esters.  E.  E. 

Mikhlina  and  M.  V.  Rubtsov .  2301  2337 


CONTENTS  (continued) 

RUSS. 
PAGE  PAGE 

Amino  Acids  of  the  Quinuclidine  Series.  L.  N.  Yakhontov  and  M.  N.  Rubtsov .  2307  2343 

Synthesis  and  Transformations  of  Ethylenic  a-Glycols.  VII.  Transformations  of 

1.2.4- Triphenyl-3-butene-l,2-diol  and  2,3-Dimethyl-5-phenyl-4-pentene- 

2,3-diol.  L.  F.  Chelpanova  and  V.  A.  Kormer .  2311  2348 

Preparation  and  Isomerization  of  Mixed  Esters  of  Di-(l,3-dichloroisopropyl)phos- 

phorous  Acid.  V.  V.  K.  Khairullin,  A.  L  Ledeneva,  and  V.  S,  Abramov .  2317  2355 

Use  of  N^*-Dicyclohexylcarbodlimide  for  the  Synthesis  of  Oxazolin-5-ones  Sub¬ 
stituted  in  Positions  2  and  4.  L  T.  Strukov .  2322  2359 

On  the  Kinetics  of  the  Mutual  Conversion  of  cis -Trans  Isomers.  I.  Carboxylic  Acids. 

A.  L.  Markman  and  E.  V.  Zinkova .  2326  2362 

Synthesis  of  -Dichloropropionamide.  S.  S.  Ivanov .  2328  2365 

Some  Reactions  of  Carbon  Suboxide.  IIL  Organolithium  Synthesis  of  Symmetrical 

6  -Diketones  Using  Carbon  Suboxide.  L.  B.  Dashkevich  and  L.  N.  Kuz’menkov  ,  .  .  2330  2367 

Some  Reactions  of  Carbon  Suboxide.  IV.  Interaction  of  Carbocyclylmagnesium 

Halides  with  Carbon  Suboxide.  L.  B.  Dashkevich  and  B.  E.  Kuvaev .  2332  2368 

Condensation  of  Aldehydes  and  Ketones.  V.  Synthesis  of  9-Phenylperhydroacridine 
by  the  Action  of  Formamide  on  Phenyltricyclohexanolone.  M.  N.  Tilichenko 

and  V.  G.  Kharchenko .  2334  2370 

Ultraviolet -Absorption  Spectra  of  3-Hydroxy-y -pyrone  Derivatives.  G.  A. 

Tolstikov. . .  .  .  . .  2337  2372 

Oxidation  —  Reduction  Systems  for  Initiation  of  Radical  Processes.  X.  The 
Mechanism  of  Action  of  Oxidation  —  Reduction  Systems  Involving  SO^. 

E.  L  Tinyakova,  B.  A.  Dolgoplosk  and  T.  P.  Zelenina  . .  2342  2377 

Conversions  of  Xylenols  on  an  Aluminosilicate  Catalyst.  II.  Conversion  of 

1.2.4-  and  1,3 ,4 -Xylenols.  N.  N.  Vorozhtsov  IL  and  V.  N.  Lisitsyn .  2347  2382 

A  Contribution  to  the  Study  of  Oxidative  Nitration  of  Aromatic  Compounds. 

III.  Oxidative  Nitration  of  Acetoxymercuri-p-xylene.  P.  L  Petrovich . 2352  2387 

Some  Reactions  of  8  ,8  ’-DIhydroxydiethylamino-p-benzoquinone.  A.  Ya.  Berlin. .  2356  2390 

A  Contribution  on  the  Catalytic  Halogenation  of  Phenyltrichlorosilane.  A.  Ya. 

Yakubovich  and  G.  V.  Motsarev .  2360  2396 

Son.  Esters  of  4(5)-Aminoimidazole-5(4)-carboxylic  Acid.  L.  P.  Kulev 

and  V.  R.  Koroleva .  2366  2401 

Investigations  in  the  Field  of  Benzimidazole  Derivatives.  II.  l-(2',4*-Dinitro- 

phenyl)-benzimidazole  and  l-Methyl-3-(2',4’-dinitrophenyl)-benzlmldazolium 

Salts.  A.  M.  Simonov  and  N.  D.  Vitkevlch. .  2369  2404 

Cyanine  Dyes  Containing  Fluorine,  vn.  Synthesis  of  Cyanine  Dyes  from  6-Tri- 

fluoromethyl-  and  6-Trifluoromethylsulfonylbenzimidazole.  L.  M.  Yagupol'skii 

and  V.  L  Troitskaya .  2374  2409 


Study  of  the  Reaction  of  Chromate  with  Diphenylcarbazide.  A.  K.  Babko  and  T.  E. 
Get'man . 


2381 


2416 


CONTENTS  (continued) 


Synthesis  of  Cyclic  Amino  Alcohols  with  Cholinolytic  Properties.  S.  G.  Kuznetsov 
and  N.  M.  Libman . 

Steroids.  IV.  Synthesis  of  11 -Dehydrocorticosterone  from  ll-Ketoprogesterone. 

O.  K.  Nikiforova  and  N.  N.  Suvorov. . 

A  New  Alkaloid  Isomeric  with  Platyphylline.  A.  V.  Danilova,  L.  M.  Utkin,  G.  V. 
Kozyreva  and  Yu.  L  Syrneva . 

Syntheses  on  the  Basis  of  Anabasine.  Xin.  Hydrogenation  of  Anabasine.  A.  S. 

Sadykov  and  O.  S.  Otroshchenko . 

Separation  of  the  Alkaloids  of  Sophora  Pachycarpa.  A.  S.  Sadykov  and  Ya.  I. 

Pakanaev.  . 

Sulfuric  Acid  Method  of  Separating  the  Alkaloids  of  Anabasis  Aphylla.  O.  S, 

Otroshchenko,  A.  S.  Sadykov  and  Kh.  A.  Akbarov . 

Removal  of  the  Colchicine  Acetyl  Group.  V.  V.  Kiselev . 

Interaction  of  Ammonia  with  the  Oxide  of  Petroselaldic  Acid.  G.  V.  Pigulevskii, 

L  L.  Kuranova  and  Yu.  D.  Shenln . 

Study  of  Alkaloids  of  the  C15  Series,  n.  The  Esters  of  Matrlc  Acid.  A.  S.  Sadykov 
and  Ya.  I.  Pakanaev . 

Investigation  of  Aconltum  Nemorum  Alkaloids.  N.  K.  Abubakirov  and  Z.  L- 

Chuprova. . 

Letters  to  the  Editor 

Photochemical  Isomerization  of  Vinyl  Ketones  to  Allyl  Ketones.  R.  Ya.  Levina, 

V.  N.  Kostin  and  P.  A.  Gembitskii. . 

Addition  of  Amines  to  Diacetylene.  A.  A.  Petrov  and  L  A.  Maretina . 

Electronic  Structure  of  Thio-Thiophthene.  E.  M.  Shustorovich . 

D  iscussion 


PAGE 

RUSS. 

PAGE 

2385 

2421 

2392 

2428 

2396 

2432 

2400 

2437 

2402 

2439 

2405 

2441 

2409 

2445 

2413 

2449 

2416 

2452 

2418 

2454 

2421 

2456 

2423 

2458 

2424 

2459 

The  Problem  of  a  Rational  Terminology  for  Chelate  Formation.  V.  M.  Dziomko, 


2426  2460 


ENTHALPY  OF  MIXING  IN  THE  SODIUM  -  TIN  SYSTEM 

A.  G.  Morachevskii  and  M.  F.  Lantratov 

Leningrad  Polytechnical  Institute  and  V.  L  Ul'yanov  (Lenin) 
Electrotechnical  Institute  Leningrad 


In  the  present  communication  we  present  the  results  of  measuring  the  electromotive  force  (EMF)  of  the 
concentration  cell  Na  electrolyte  with  Na+  ions  Na  +  Sn  (I)  over  a  wide  range  of  temperatures  (400-650*)  and 
sodium  concentrations  in  the  alloy.  The  data  obtained  was  used  for  calculating  the  enthalpy  of  mixing  of  liquid 
alloys  of  sodium  and  tin  at  600*. 

The  activity  of  sodium  in  liquid  alloys  with  tin  was  first  determined  by  the  EMF  method  by  Hauffe  and 
Vierk  [1]  at  480*  over  the  concentration  range  of  0.467-0.950  atom  fraction  of  sodium  (Nj^^)*  Later,  in  con¬ 
nection  with  the  use  of  a  tin-sodium  glass  electrode,  this  system  was  studied  by  Yu.  K.  Delimarskii  and  A.  A. 
Kolptii  [2]  for  alloys  with  Nj^^^  =  0.25-0.88.  Subsequently  A.  F.  Alabyshev  and  A.  G.  Morachevskii  [3,  4]  investi¬ 
gated  the  thermodynamic  properties  ot  this  system  over  a  wide  range  of  compositions  at  475-575*.  However, 
the  experimental  data  presented  in  the  works  listed  did  not  allow  the  calculation  of  the  enthalpy  of  mixing  over 
the  whole  range  of  compositions  since  they  did  not  give  reliable  information  on  the  temperature  coefficient  of 

the  EMfI^^  over  the  concentration  range  N^a  =  0.35-0.75.  It  seemed  interesting  to  calculate  the  value  of  the 

enthalpy  of  mixing  from  EMF  measurements  over  a  wide  temperature  range  and  to  compare  the  values  obtained 
with  the  results  available  in  the  literature  on  direct  calorimetric  measurements  of  the  enthalpy  of  mixing  of  this 
system,  carried  out  by  McKisson  and  Bromley  [5].  With  this  aim,  we  again  measured  the  EMF  of  cell  (I)  over 
the  temperature  range  given  above  and  for  sodiuin  concentrations  from  0.05  to  0.85  atom  fraction. 

MEASUREMENT  PROCEDURE 

The  measurement  procedure  used  in  the  present  work  was  mainly  analogous  to  that  described  previously 
[1,  3,  6].  The  electrolyte  used  was  the  heat-resistant  glass  "Durabax",  containing  2.0%  of  Na20.  The  measure¬ 
ments  were  made  in  an  atmosphere  of  carefully  purified  argon.  For  the  work  we  used  high-purity  metals 
(Kahlbaum  analytical -grade  tin  and  sodium). 


MEASUREMENT  RESULTS  AND  THEIR  DISCUSSION 


Fig.  1  shows  the  temperature  dependence  of  the  EMF  for  alloys  of  various  compositions.  As  the  figure 
shows,  a  linear  dependence  of  EMF  on  temperature  was  observed  for  all  the  alloys  investigated. 

Table  1  gives  the  values  of  the  EMF  (E),  the  temperature  coefficient  of  the  EMF  and  also  values 

calculated  from  the  usual  relations  [7]  for  the  partial  molar  isobaric- isothermal  potentials  (AZj^j^)  and  enthalpies 

dE 

of  mixing  (AHjyjg)  of  sodium  at  600*.  Fig.  2  gives  the  relation  of  —  to  alloy  composition.  This  figure  also 

shows  the  temperature  coefficients  of  the  EMF  from  paper  [2].  In  the  region  of  compositions  rich  in  sodium 
dE 

(^Na  >  O.'^G)  —  was  positive.  In  the  region  of  metallic  compound  formation  the  temperature  coefficient  was 

dE 

negative,  but  for  alloys  with  Nj^  <  0.15  it  was  again  positive.  The  extreme  value  of  ^  lay  in  the  composition 
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TABLE  1 

Values  of  the  EMF,  Temperature  Coefficient  of  the  EMF  and  Partial 
Molar  Isobaric  Potential  and  Enthalpy  of  Mixing  of  Sodium  (600*) 


^Na 

E  (in  V) 

10«  (V/deg) 

AHNa 

0.05 

0.5130 

1.0 

—11830 

—9820 

0.10 

0.4553 

0.32 

—10500 

—9860 

0.15 

0.4222 

-0.05 

—  9740 

—9830 

0.21 

0.3722 

—0.53 

—  8700 

—9740 

0.25 

0.3678 

-0.50 

—  8480 

—9490 

0.29 

0.3410 

—0.88 

—  7865 

—9640 

0.40 

0.2821 

—1  20 

-  6500 

—8920 

0.50 

0.2130 

—0.96 

—  4900 

—6840 

0.60 

0.1307 

—0.46 

—  3020 

—3940 

0.70 

0.0672 

—0.30 

—  1550 

—2150 

0.80 

0.0278 

0.15 

—  640 

—  340 

TABLE  2 

Enthalpies  in  the  Sodium  -  Tin  System 


Composition 

AH(in  kcal/g-at) 

Temper- 

3tijre 

Source 

!f  i!i  *0 

1 

—5.0 

298° 

(10,111 

NaSD2  1 

1 

—6.7 

—3.65  ±  0.25 

298 

880 

(11.13) 

151 

i 

-3.25 

873 

Our  data 

-5.5 

298 

(10.11) 

—8.0 

298 

(11.13) 

NaSn 

—6.0 

298 

(14.15) 

—4,8  ±  0.14 

882 

l»l 

-4.55 

873 

Our  data 

Nfli.iosSn 

-4.86  ±  0.04 

881 

l«l 

-5.1 

298 

(10.11) 

N  84803 

1 

—8.0 

—4.65  ±  0.3 

298 

880 

(11.13) 

l^l 

1 

—4.70 

873 

Our  data 

—4.0 

298 

(10.11) 

—7.0 

298 

(11.13) 

N  8380 

—4.8 

298 

(14.15) 

—4.03  ±  0.08 

885 

1®1 

—4.4 

873 

Our  data 

-4.2 

298 

(10,11) 

—6.8 

298 

(11.13) 

Na48n 

—2.9 

298 

(14,15) 

—2.5  ±  0.5 

880 

1®1 

1 

1 

—3.15 

873 

Our  data 

region  conesponding  to  the  compound  NaSn,  which  is  the  most  stable  compound  in  this  system  (congruent  melting 

dE 

point  equal  to  576*).  A  similar  composition  dependence  of  the  value  ~  was  also  observed  for  other  sodium 

alloys  characterized  by  metallic  compound  formation,  in  particular,  the  sodium -cadmium  and  sodium -lead 
systems  [3].  Fig.  2  shows  that  for  a  series  of  compositions  our  data  agree  satisfactorily  with  the  data  of  [2],  but 
these  data  referring  to  the  range  of  medium  compositions,  =  0.5-0. 7,  seem  incorrect  to  us.  The  presence 

,  "dE 

of  two  minima  on  the  ^  “  composition"  curve  seems  doubtful  to  us. 
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550  575  600  625  650^ 


Fig.  1.  Temperature  dependence  of  the  EMF  of 
the  cell  Na|glass|Na-Sn  for  alloys  of  various  com¬ 
position.  1)  0.05,  2)  0.10,  3)  0.15,  4)  0.21, 

5)  0.25,  6)  0.29,  7)  0.40,  8)  0.50,  9)  0.60,  10)  0.70, 
11)  0.80. 


tin,  together  with  structural  groups  of  the  compound  NaSn 
melting  compound  Na2Sn.  The  maximum  of  the  integral 


Fig.  3  gives  the  curves  of  partial  molar  en¬ 
thalpy  of  mixing  of  the  components  and  the  corre¬ 
sponding  integral  curve.  The  extreme  value  of 
AH  lay  at  N^a  =  0*57. 

Fig.  4  compares  the  integral  thermodynamic 
characteristics  of  the  sodium -tin  system  with  the 
phase  diagram  of  this  system  [8].  The  integral 
curves  of  the  enthalpy  of  mixing  and  also  the  iso- 
baric  AZ  and  excess  isobaric  AZ^  potentials  have 
extremes  close  to  the  composition  corresponding  to 
the  compound  NaSn.  The  maximum  values  were 
as  follows:  AH  =  -4700  cal/g-at.,  AZ  =  -3940 
cal/g-at.  Fig.  4  shows  that  AH  was  mainly  deter¬ 
mined  by  the  value  of  the  isobaric  potential.  The 
value  of  the  entropy  component  of  TAS  was  small. 

In  the  region  of  compound  formation  TAS  had  a 
negative  value.  The  figure  also  shows  that  AH 
did  not  equal  AZ^.  In  our  case  the  maximum 
values  of  AH«and  AZ^  differed  by  1900  cal.  This 
indicated  that  the  Na-Sn  system  is  not  a  "regular" 
one  [9]  and  that  despite  [2],  even  in  the  first  approxi¬ 
mation  the  value  of  AHj^j^  cannot  be  identified  with 
the  value  RTlnyj^^  (^Na  activity  coefficient 
of  sodium  in  the  alloy). 

Table  2  gives  the  enthalpies  of  mixing  of  the 
liquid  alloys  for  compositions  corresponding  to 
compounds  formed  in  the  Na-Sn  system,  according 
to  our  data  and  according  to  the  data  of  McKisson 
and  Bromley  [5, 12].  For  comparison.  Table  2  also 
gives  the  enthalpies  of  formation  of  solid  alloys  in 
the  Na-Sn  system  according  to  the  data  of  various 
authors. 

As  data  in  Table  2  show,  the  values  we  ob¬ 
tained  for  the  enthalpies  of  mixing  agree  quite 
satisfactorily  with  the  results  of  direct  calorimetric 
measurement  [5].  According  to  our  data,  the  maxi¬ 
mum  of  the  integral  AH  curve  is  somewhat  displaced 
from  the  composition  of  the  most  stable  compound 
in  the  system  (NaSn)  towards  the  region  of  composi¬ 
tions  rich  in  sodium.  This  is  apparently  connected 
with  the  fact  that  in  a  liquid  alloy  of  sodium  with 
there  also  exist  structural  groups  of  the  congruently 
AZ  curve  (Fig.  4)  was  also  displaced  toward  the  so¬ 


dium-rich  composition  region.  Similar  displacements  in  the  maxima  of  the  integral  curves  were  also  observed 


in  the  sodium  —  lead  system  [16].  Only  if  the  system  had  one  congruently  melting  compound  would  the  maxima 
of  the  AH,  AZ  and  AZ^  integral  curves  correspond  to  the  composition  of  this  compound  [3, 16]. 


Some  displacement  in  the  maximum  of  the  AH  curve  for  alloys  of  sodium  with  tin  was  also  observed  in 
the  work  of  McKisson  and  Bromley  (Table  2). 
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Fig.  4.  AH.AZ.AZ' 
Na-Sa  system  at  600* 


SUMMARY 


1.  Measurements  were  made  of  the  EMF  of  the  concentration  cells  sodium |  glass] sodium  —  tin  alloy  at 
400-650*  over  a  wide  range  of  compositions. 

2.  The  enthalpies  of  mixing  in  the  Na-Sn  system  at  600*  were  calculated.  The  results  obtained  were 
compared  with  the  data  from  direct  calorimetric  measurements. 
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FORMATION  OF  PE  NT  A  T  H  ION  A  T  ES  BY  THE  ACTION  OF  ACIDS 
ON  THIOSULFATES  IN  THE  PRESENCE  OF  SALTS  OF  CERTAIN 
ORGANIC  BASES 

•  N.  P.  Volynski! 

Institute  of  Petrochemical  Synthesis  Academy  of  Sciences  USSR 


A  large  number  of  works  have  been  devoted  to  investigating  the  formation  of  polythionic  acids  and,  in 
particular,  pentathionic  acid  by  the  acidification  of  thiosulfate  solutions.  Certain  authors  [1-3]  consider  that 
free  thiosulfuric  acid  partially  condenses  into  pentathionic  acid  by  the  over-all  equation 


5H2S203  =  2H2S50e  J-SHaO  (1) 

In  this  case  the  yields  of  pentathionic  acid  are  extremely  low  and  purifying  it  from  other  polythionic  acids 
formed  simultaneously  presents  considerable  difficulties.  There  are  papers  [4-7]  where  various  mechanisms  have 
been  proposed  for  the  formation  of  pentathionic  acid  through  a  series  of  hypothetical  intermediate  compounds. 

An  interesting  fact  is  the  sharp  increase  in  the  yield  of  pentathionic  acid  to  80-907o  on  acidification  of  thiosulfate 
in  the  presence  of  arsenous  acid,  which  acts  as  a  catalyst.  This  reaction  was  discovered  by  Salzer  [3]  and  studied 
by  other  authors  [2,  5-8]. 

In  one  of  their  recent  works,  R.  K.  Eremenko  and  A.  L  Brodskii  [8]  wrote  that  "the  role  of  arsenite  apparently 
consists  of  the  transfer  of  a  sulfide  sulfur  atom  from  one  molecule  of  thiosulfate  to  two  others  with  the  formation  of 
pentathionate: " 


(As)  H-  S2O3  =  [AsJS  +  SO3", 

( As]S  +  2820“"  =  I  As]  4  S-O"". 

where  [As]S  is  the  intermediate  sulfide  compound  formed  from  arsenite  and  thiosulfate. 

The  presence  of  many  theories  put  forward  for  explaining  the  reactions  occurring  during  the  acidification 
of  thiosulfate  solutions  or  in  Wackenroder's  solution  indicates  that  at  present  there  is  no  satisfactory  explanation 
of  the  mechanism  of  pentathionic  acid  formation  in  the  cases  described  above. 

We  studied  the  decomposition  of  thiosulfuric  acid  in  the  fvesence  of  salts  of  diethyldecyl-,  diethyldodecyl-, 
tributyl-*  ,  triisoamyl,*  trihexyl-*  ,  triheptyl-,  tri-n-decyl-,  octadecyl,  methyloctadecyl-  and  diethyl-6 -phenoxy- 
ethylamines  and  also  trimethyldecyl-,  dimethylisoamyldecyl-,  dlmethylisoamyldodecyl-  and  dimethylisoamyl- 
benzylammonium  salts.  The  presence  of  tributylamine,  diethyl-6 -phenoxyethylamine  and  dimethylisoamylben^l- 
ammonium  salts  had  no  noticeable  effect  on  the  reaction  and  we  only  observed  the  normal  decomposition  of  thio¬ 
sulfuric  acid  with  the  liberation  of  sulfur.  In  the  presence  of  the  rest  of  the  salts  of  organic  bases  investigated,  the 
main  reaction  product  was  pentathionic  acid,  which  could  be  isolated  as  the  salt  with  the  organic  base. 


*  Synthesized  by  O.  E.  Morozova. 
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Sulfur  con- 

Name  of 

Structural  formula 

Empirical 

tent  (in  %) 

substance 

formula 

D  iethy  Idecylam  ine 
penthationate 

r  /CiHt  1 

^  J  .  H,S,0, 

C»H,40,N,S. 

23.42 

23.74 

1..5110 

Triisoamylamine 

pentathionate 

[  iso  •  H,s,0, 

C*,H*O.N,S, 

22.48 

22.79 

1.5040 

Diethyldodecyl- 
amine  pentaihio- 
nate 

r  c,H,  1 

L 

21.63 

21.46 

1..5050 

Dimethylisoamyl- 

decylammonium 

pentathionate 

[■■  CioHtiv 

s,o, 

L  iso  c,H„/  \chJ, 

CmHwO,N,S, 

20.84 

20.85 

1.5090 

Tri-n-hexylamine 

pentathionate 

[(C,H„),N1,  •  h,s,o. 

C«eHioO«NiS, 

20.11 

20.0 

— 

D  imethy  lisoam  yl  - 
dodecylammonium 
pentathionate 

|s,o, 

Li80C.H,/ 

C,H„0,N,S. 

19.43 

19.86 

1.5095 

Tri-n-heptylamine 

pentathionate 

.  H,S,0, 

c„h„o,n,s. 

18,30 

18.10 

1.4960 

Tri-n-decylamine 

pentathionate 

I(C,oH,,),N],  H,S,0. 

14.14 

14.22 

1.4900 

The  formation  of  pentathionlc  acid  proceeded  in  aqueous  or  aqueous  alcohol  solution  at  room  temperature 
immediately  after  acidification  of  a  mixture  of  solutions  of  thiosulfate  and  the  salt  of  the  organic  base  and  gave 
yields  close  to  quantitative.  It  was  established  that  the  sulfur  liberated  on  acidification  of  an  aqueous  or  aqueous 
alcohol  solution  of  thiosulfate  redissolved  when  the  salt  of  a  quaternary  ammonium  base  was  added.  In  this  case 
pentathionic  acid  was  isolated  from  the  solution  and  Identified  in  the  form  of  the  salt  with  the  corresponding 
quaternary  ammonium  base.  The  solution  of  sulfur  was  accompanied  by  the  liberation  of  hydrogen  sulfide,  indi¬ 
cated  by  the  blackening  of  lead  acetate  added  to  the  reaction  solution.  * 

In  the  absence  of  the  salts  of  organic  bases,  the  evolution  of  hydrogen  sulfide  was  not  observed  and  the 
precipitate  of  lead  salts  remained  colorless. 

The  disappearance  of  colloidal  sulfur  from  an  acidified  thiosulfate  solution  cannot  be  explained  simply 
by  its  solution  in  the  presence  of  the  surface-active  ammonium  salt  since  it  was  shown  that  colloidal  sulfur  in 
a  bicarbonate  medium  did  not  dissolve  on  addition  of  an  ammonium  salt.  On  the  basis  of  the  experiments  we 
arrived  at  the  conclusion  that  the  formation  of  pentathionic  acid  on  acidification  of  thiosulfate  in  the  presence 
of  the  salts  of  certain  amines  and  quaternary  ammonium  bases  proceeded  mainly  according  to  the  following 
equations: 


2H2S2O3 


2 II2S2O3  83 


2H2SO3  -f  28 

salt  of  organic 
base 


2H28O3  -f"  82, 
H285O0  -j-  H28. 


(2) 

(3) 


Hydrogen  sulfide  liberated  by  reaction  (3)  immediately  reacted  with  the  sulfur  dioxide  formed  by  de¬ 
composition  of  thiosulfuric  acid;  this  again  liberated  sulfur  and  the  whole  process  was  repeated  from  the  begin¬ 
ning  until  the  thiosulfuric  acid  was  completely  converted  into  pentathionic  acid  according  to  the  over-all  equation 
(1).*  *  Reaction  (3)  has  not  been  described  in  the  literature.  It  should  be  noted  that  colloidal  sulfur  (Sg),  liberated 


*  At  definite  quantitative  ratios  of  the  components  (a  large  amount  of  thiosulfate  and  a  small  amount  of  acid) 
hydrogen  sulfide  could  also  be  detected  by  odor  and  by  the  blackening  of  lead  acetate  paper  placed  over  the  reac¬ 
tion  solution.  In  control  experiments  without  ammonium  salts  hardly  any  evolution  of  hydrogen  sulfide  occurred. 

*  •According  to  [9],  hydrogen  sulfide  reacts  with  HgSgOg  according  to  the  equation  3H2S2O3  +  HgS  =H2SgOg-i-S  +  3HgO. 
However,  we  did  not  detect  the  presence  of  hexathionic  acid. 
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from  an  acetone  solution  with  water,  did  not  react  with  the  formation  of  pentathionic  acid  in  the  presence  of 
sulfurous  acid  and  a  dimethyllsoamyldecylammonium  salt. 

All  the  pentathionates  obtained  in  this  work  were  viscous  liquids  with  a  yellowish  tinge.  They  had  no 
odor  and  were  insoluble  in  water,  benzene,  ether  or  ligroin,  but  partially  dissolved  these  substances;  they  were 
readily  miscible  with  methyl  and  ethyl  alcohols  and  acetone;  alkali  solution  decomposed  them  to  organic  base, 
sulfur  and  thiosulfate,  which  is  characteristic  of  pentathionates  [10]. 

We  did  not  determine  the  specific  gravities  of  the  pentathionates  as  their  high  viscosity  made  this  very 
difficult. 

The  table  gives  the  names,  analytical  results*  and  refractive  Indices  for  pentathionates  which  have  not 
been  described  in  the  literature.  Trimethyldecyl-  and  trimethyldodecylammonium  pentathionates  and  also  the 
pentathionates  of  octadecyl-  and  methyloctadecylamines  were  not  isolated  in  a  sufficiently  pure  form  due  to 
purification  difficulties.  The  procedure  for  obtaining  pentathionates  is  described  in  the  experimental  section 
for  two  examples;  in  the  first  one,  the  readily  water-soluble  dimethyllsoamyldecylammonium  salt  was  used  and 
in  the  second,  the  water-insoluble  hydrochloride  of  tri-n-decylamine.  Experiments  on  the  basis  of  reaction  (3) 
were  carried  out  similarly. 

EXPERIMENTAL 

1.  Preparation  of  Dimethyllsoamyldecylammonium  Pentathionate.  A  solution  of  2.91  g  of  dimethylisoamyl- 
decylammonium  chloride  (0.01  mole)  in  20  ml  of  water  was  mixed  with  a  solution  of  3.7  g  of  NajSj08*  5HjO 
(0.015  mole)  in  30  ml  of  water  and  then  acidified  with  6  ml  of  dilute  (1 : 4)  hydrochloric  acid.  An  oily  liquid 
separated  2-3  seconds  after  acidification.  The  reaction  mixture  was  allowed  to  stand  for  a  few  hours  and  then 

the  upper  aqueous  layer  carefully  decanted  and  the  lower  oily  layer  dissolved  in  a  few  milliliters  of  ethanol.  The 
solution  was  filtered  and  the  solvent  removed  in  vacuum  by  heating  on  a  glycerol  bath  (bath  temperature  80-85”). 
For  complete  removal  of  the  solvent  and  traces  of  water,  the  substance  was  kept  under  the  given  conditions 
(80-85",  2  mm  Hg)  for  30  minutes.  We  obtained  3.8  g  of  a  viscous,  yellowish  oil.  Its  yield  was  close  to  quanti¬ 
tative.  The  sulfur  content  was  20.4*70  and  indicated  the  quite  high  degree  of  purity  of  the  product. 

3.5  g  of  the  unpurified  dimethylisoamyldecylammonium  pentathionate  was  dissolved  in  5  ml  of  ethanol 
and  precipitated  by  the  addition  of  12  ml  of  distilled  water  to  the  solution.  The  upper  aqueous  layer  was  decanted, 
2  ml  of  ethanol  added  to  the  residual  oil  and  the  substance  again  precipitated  with  5  ml  of  water.  The  oily  layer 
which  separated  was  dissolved  in  3-4  ml  of  ethanol,  filtered,  the  alcohol  removed  and  the  product  dehydrated 
under  the  conditions  given  above.  We  obtained  3.1  g  of  extremely  pure  dimethyllsoamyldecylammonium  penta¬ 
thionate  as  a  yellow,  viscous  oil  with  n?®D  1.5090. 

Found  C  53.03;  H  10.02;  N  3.65;  S  20.82.  C34H76O6N2S5.  Calculated  I0:  C  53.08;  H  9.96;  N  3.64; 

S  20.84. 

2.  Preparation  of  Tri-n-decylamine  Pentathionate.  4.38  g  of  tri-n-decylamine  (0.01  mole)  was  dissolved 
in  a  mixture  of  150  ml  of  methanol  and  5  ml  of  dilute  (1 :4)  hydrochloric  acid  and  the  solution  of  tri-n-decyl¬ 
amine  hydrochloride  obtained  was  mixed  with  a  solution  of  3.7  g  of  Na2S203*  5H2O  (0.015  mole)  in  10  ml  of  water 
and  acidified  with  2  ml  of  concentrated  hydrochloric  acid.  Five  minutes  after  acidification,  50  ml  of  water  was 
added  to  the  clear  solution.  An  oily  layer  separated  and  this  was  allowed  to  stand  for  a  few  hours.  The  upper 
aqueous  methanol  layer  was  carefully  removed  and  the  lower  one  dissolved  in  20  ml  of  methanol,  filtered  to  re¬ 
move  a  small  amount  of  sulfur  and  precipitated  with  4  ml  of  distilled  water.  The  product  was  reprecipitated 
twice  and  then  dissolved  in  10  ml  of  methanol  and  the  solution  kept  at  room  temperature  for  30  minutes.  At 
this,  an  extremely  small  amount  of  excess  sulfur  precipitated.  The  solution  was  filtered  and  the  methanol  re¬ 
moved  in  vacuum  by  heating  on  a  glycerol  bath  (80-85*)  and  the  residual  substance  heated  in  vacuum  for  30 
minutes.  We  obtained  4.4  g  of  tri-n-decylamine  pentathionate.  The  yield  of  purified  substance  was  about  77 
weight  *70  of  theoretical,  which  is  explained  by  losses  during  purification. 

The  substance  was  a  yellowish,  viscous  oil  with  n*®D  1.4900. 

Found  %  S  14.22.  C60H128O6N2S5.  Calculated  S  14.14. 

*The  analyses  were  carried  out  in  the  Institute  of  Petrochemical  Synthesis,  Acad.  Scl.  USSR. 


3.  Interaction  ot  Sulfur  With  Thiosulfuric  Acid  in  the  Presence  of  Quaternary  Ammonium  Salts,  a)  Reac¬ 
tion  in  the  presence  of  dimethylisoamyldodecylammonium  bromide  in  an  aqueous  medium.  15  g  of  Na2S203*  SHjO 
was  dissolved  in  50  ml  of  water,  acidified  with  8  ml  of  dilute  (1:2)  hydrochloric  acid  and  the  solution  quickly 
divided  into  half.  One  minute  after  acidification, to  one  half  of  the  solution  was  added  excess  sodium  bicarbo¬ 
nate  solution  (blank  experiment)  and  to  the  other,  a  solution  of  7.3  g  of  dimethylisoamyldodecylammonium 
bromide  (0.02  mole)  in  20  ml  of  water.  Both  solutions  were  shaken  for  2-3  minutes.  In  the  blank  experiment, 
the  precipitated  sulfur  collected  in  lumps;  0.21  g  of  it  was  obtained.  In  the  solution  containing  the  quaternary 
ammonium  salt,  the  sulfur  that  precipitated  initially  disappeared  almost  completely  (only  0.04  g  of  sulfur  re¬ 
mained):  here  the  separation  of  an  oily  layer  was  observed.  It  was  reprecipitated  three  times  from  an  alcohol 
solution  with  water,  washed  with  ether,  dissolved  in  ethanol  and  filtered  and  the  solvent  removed  as  indicated 
above.  We  obtained  3.0  g  of  dimethylisoamyldodecylammonium  pentathionate ,  which  corresponds  approximately 
to  the  amount  of  sulfur  which  reacted;  1.5083. 

Found  C  55.28;  H  10.30;  N  3.41;  S  19.70.  CagH^OeNjSg.  Calculated  C  55.29;  H  10.26;  N  3.39; 

S  19.43. 

b)  Reaction  in  the  presence  of  dimethylisoamyldodecylammonium  bromide  in  an  aqueous  alcohol  medium. 
1.24  g  of  NaaSgOs*  5H2O  was  dissolved  in  25  ml  of  water,  20  ml  of  etM^nol  added  and  the  solution  acidified  with 
2  ml  of  dilute  (1 : 4)  hydrochloric  acid.  Colloidal  sulfur  precipitated  and  the  solution  became  opaque.  Five 
minutes  after  acidification  it  was  treated  with  20  ml  of  0.5  M  dimethylisoamyldodecylammonium  bromide  solu¬ 
tion  and  shaken  periodically  for  three  minutes.  The  sulfur  dissolved  completely  and  the  solution  became  quite 
clear. 

c)  Reaction  in  the  presence  of  dimethylisoamyldecylammonium  chloride  in  an  aqueous  medium.  10  g  of 
Na2S2d3  •  5H2O  was  dissolved  in  40  ml  of  water  and  acidified  with  4  ml  of  dilute  (1:4)  hydrochloric  acid  and  the 
solution  quickly  divided  into  two.  One  minute  after  acidification,  one  half  of  the  solution  was  neutralized  with 
sodium  bicarbonate  and  to  both  halves  were  added  10  ml  portions  of  1.0  M  aqueous  solution  of  dimethylisoamyl- 
derylammonium  chloride.  The  flasks  with  the  two  solutions  were  closed  with  stoppers  on  which  were  fixed  strips 
of  filter  paper,  moistened  with  lead  acetate  solution.  With  the  bicarbonate  neutralized  solution,  neither  solution 
of  the  sulfur  nor  blackening  of  the  lead  acetate  paper  was  observed.  Rapid  and  complete  solution  of  the  sulfur 
in  the  acid  solution  was  observed.  Simultaneously  hydrogen  sulfide  was  liberated  and  this  was  detected  both  by 
odor  and  by  blackening  of  the  lead  acetate  paper.  Dilution  of  this  solution  with  water  liberated  an  oily  layer, 
which  settled  over  quite  a  long  period.  The  usual  purification  yielded  0.3  g  of  a  viscous,  yellowish  oil  with 
n*»D  1.5090  and  containing  20.47®  of  sulfur,  which  corresponds  to  dimethylisoamyldecylammonium  pentathionate. 
The  blank  experiment  without  the  quaternary  ammonium  salt  showed  that  hardly  any  hydrogen  sulfide  was  liberated 
on  acidification  of  thiosulfate  under  the  chosen  conditions. 

d)  Effect  of  nature  of  organic  base  on  formation  of  pentathionic  acid.  7.4  g  of  Na2S203*  bHgO  was  dissolved 
in  a  few  milliliters  of  water,  acidified  with  1  ml  of  dilute  (1:4)  hydrochloric  acid  and  the  solution  quickly  divided 
into  three  equal  portions.  The  solution  rapidly  became  turbid  due  to  the  liberation  of  colloidal  sulfur.  One 
minute  after  the  acidification,  to  portion  1  was  added  2  ml  of  0.5  M  dimethylisoamyldecylammonium  chloride  solution, 
to  portion  II,  2  ml  of  0.5  M  dimethylisoamylbenzylammonium  chloride  solution  and  the  solutions  shaken  for  severalhours. 

In  the  first  case  the  sulfur  dissolved  and  an  oily  layer  was  formed,  while  in  the  second,  no  visible  changes 
occurred. 

Immediately  after  shaking, 1.5  ml  portions  of  saturated  lead  acetate  solution  were  added  to  all  three  solu¬ 
tions.  In  solution  I,  which  contained  the  dimethylisoamyldecylammonium  salt,  the  solution  immediately  ac¬ 
quired  a  brown  color,  while  in  solutions  II  and  III,  the  precipitates  of  lead  salts  and  the  solutions  themselves 
were  practically  colorless.  Fifteen  minutes  after  the  addition  of  lead  acetate,  solution  I  had  become  completely 
black,  while  the  other  two  solutions  had  only  an  extremely  weak  coloration. 

SUMMARY 

1.  The  decomposition  of  thiosulfuric  acid  in  the  presence  of  salts  of  certain  higher  amines  and  quaternary 
ammonium  bases  was  studied. 

2.  It  was  shown  that  in  the  presence  of  the  salts  of  a  series  of  symmetrical  tertiary  amines  from  (iso-C^ii)3N 


to  (Cxot^)sN  and  diethylalkyUmines,  where  the  alkyl  contains  10  or  12  carbon  atoms,  and  also  salts  of  quaternary 
ammonium  bases,  dimethylisoamyldecyl-  and  dlmethyllsoamyldodecylammonium  salts,  the  decomposition  of 
thiosulfates  with  acids  leads  to  the  forpiation  of  pentathlonates  of  the  corresponding  organic  bases  in  yields  close 
to  quantitative. 

3.  An  explanation  was  put  forward  for  the  formation  of  pentathionic  acid  from  thiosulfuric  acid,  that  an 
S|  molecule,  formed  by  partial  decomposition  of  thiosulfuric  acid  in  the  presence  of  salts  of  certain  organic 
bases,  reacts  with  thiosulfuric  acid. 

4.  We  prepared  and  characterized  8  previously  undescribed  neutral  pentathlonates,  namely  the  pentathio- 
nates  of  triisoamyl-,  tri-n-hexyl-,  tri-n-heptyl-,  tri-n-decyl-,  diethyldecyl-  and  diethyldodecylamines  and 
also  dimethylisoamyldecyl-  and  dimethylisoamyldodecylammonium  pentathlonates. 
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PHYSICOCHEMICAL  INVESTIGATION  OF  THE  INTERACTION  OF 
ZIRCONIUM  HALIDES  WITH  ESTERS  OF  MONOBASIC  ACIDS 

V.  COMPLEXES  OF  ZIRCONIUM  IODIDE 

O.  A.  Osipov  and  Yu.  B.  Kletenlk 
Novocherkassk  Polytechnic  Institute 


In  our  previous  communications  [1-4]  we  presented  the  results  cf  investigating  the  interaction  of  zirconium 
tetrachloride  and  tetrabromide  with  esiers  of  monobasic  carboxylic  acids.  It  was  established  that  replacement 
of  the  chlorine  in  the  zirconium  tetrahalide  by  bromine  did  not  have  a  great  effect  on  the  polarity  of  complexes 
with  the  composition  ZrHalj*  E,  while  going  from  the  chloride  to  the  bromide,  complexes  with  the  composi¬ 
tion  ZrHal^  •  2E  were  dissociated  much  more  strongly  in  benzene  (with  the  exception  of  the  complex  with  ethyl 
formate)  and  even  after  suppression  of  the  dissociation  by  excess  ester,  the  polarity  of  the  complexes  with  zirco¬ 
nium  bromide  remained  considerably  lower  than  in  the  case  of  the  chloride.  It  was  shown  that  the  complexes 
of  ZrCl4  and  ZrBr4  with  esters  with  the  composition  ZrHal4  *  dissociated  in  benzene  according  to  the  scheme 
ZrHalt  ■  2E  ’^ZrHal^*  E  +  E;  no  appreciable  dissociation  of  complexes  with  the  composition  ZrHalt '  ^  com¬ 
ponents  was  detected.  It  was  also  established  that  the  alcohol  residue  of  the  ester  had  hardly  any  effect  on  the 
polarity  of  complexes  with  ZrC^,  but  on  going  to  ZrBr4,  there  was  a  noticeable  effect  with  the  polarity  of  the 
complexes  increasing  with  an  increase  in  this  residue. 

It  was  interesting  to  follow  how  the  properties  of  zirconium  halide  complexes  with  esters  would  change  on 
going  from  zirconium  bromide  to  iodide.  There  is  much  less  literature  data  [5]  on  the  polar  properties  of  com¬ 
plexes  of  metal  iodides  with  organic  addends.  The  polar  properties  of  iodides  of  group  IV  metals  with  organic 
addends  have  not  been  investigated  at  all  (with  the  exception  of  the  dipole  moments  of  titanium,  zirconium  and 
tin  iodides  in  dioxane  [6]). 

In  the  present  work  we  present  the  results  of  studying  the  polar  properties  of  zirconium  iodide  complexes 
with  esters  of  monobasic  carboxylic  acids  in  benzene. 

The  procedures  for  the  dielectrometric  investigations  and  purification  of  the  reagents  used  in  the  work 
were  given  previously  [1,6,  7].  The  starting  benzene  solutions  of  the  complexes  were  prepared  by  dissolving 
zirconium  iodide  in  benzene  containing  an  amount  of  ester  corresponding  strictly  to  the  amount  of  iodide  taken. 

All  the  solutions  had  a  red  color  and  fumed  strongly  in  air.  During  their  preparation  and  investigation,  precautions 
were  taken  to  prevent  their  contact  with  atmospheric  moisture. 

Table  1  gives  the  results  of  measuring  the  dielectric  permeability  (e)  and  density  (d)  and  the  calculated 
values  of  the  molecular  polarization  of  the  complex  Zrl4  *  CHsCOOC^Hs  in  benzene.  These  data  show  that  within 
the  limits  of  experimental  error,  the  complex  Zrl4 '  CHSCOOC2H5  has  a  dipole  moment  equal  to  that  of  the  anal¬ 
ogous  complex  with  zirconium  bromide  [4].  The  curve  of  the  polarization  of  this  complex  against  concentration 
indicates  its  slight  tendency  for  association  (much  less  than  for  the  analogous  complexes  of  zirconium  chloride 
and  bromide)  and  the  absence  of  noticeable  dissociation  into  components. 

Tables  2-6  give  data  on  the  molecular  polarization  of  the  complexes  Zrl4  •  2HCOOC2H5,  2^rl4  •  2CH3COOC2H5, 
Zrl4  •  2CHsCO(X;3H7,  Zr^-  2-i  -CH3COOC4H9  and  Zrl*  •  2C3H7COOC2H6  in  benzene.  The  character  of  the  concen¬ 
tration  dependence  of  the  polarization  of  the  complex  Zrl4  •  2HCOOC2H6  (a  fall  in  polarization  with  dilution) 
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TABLE  1 


TABLE  2 


Complex  Zrl4  *  CHsCOOCjHs  in  benzene 
(Poo  =  320  cm*,  R  =  96.3  cm*,  p  =  3.17  D) 


Complex  Zrlj  •  2HCCX)CjH5  in  benzene 
(Poo  =  500  cm*,  R  =  110.1  cm*,  p  =  4.24  D) 
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c 
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P  CM* 

().n0331 
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().()( 1266 

2.332 

0.8928 

299 

0.(M)528 
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0.9065 
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.308 

0.(K)384 

2.54.5 

0.8990 

1009 

0.(H)1 57 

2.315 

0.8869 

306 

0.00292 

2.471 

0.8940 

962 

0.00209 

2.402 

0.8896 

8.55 

TABLE  3 


TABLE  4 


Complex  Zrl4 '  ZCHsCOOCjHj  in  benzene 
(Poo  =  390  cm*,  R  =  118.6  cm*,  p  =  3.49  D) 


Complex  Zrl4  *  2CHSCOOC3H7  in  benzene 
(Poo  =  460  cm*,  R  =  121.6  cm*,  p  =  3.93  D) 


c 
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0.00617 
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376 
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0.00308 
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0.8952 
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0.00288 

2.353 
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0.00233 
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0.8911 

379 

0.00226 
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0.(K)179 
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TABLE  5 


TABLE  6 


Complex  Zrl4 '  S-l-CHsCOOC^Hy  in  benzene 
(Poo  =  530  cm*,  R  =  137.1  cm*,  p  =  4.23  D) 


Complex  Zrli  •  2CsH7C(XX:;|H5  in  benzene 
(Poo  =  354  cm*,  R  =  137.2  cm*,  p  =  3.07  D) 
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0.(K)206 

2.324 

0.8897 

357 

0.00187 

2.341 

0.8884 

516 

0.00161 

2.316 

0.8872 

3.54 

indicates  the  dissociation  of  this  complex.  The  complexes  ZrCl4 ' 2HCOOC2H5  and  ZrBr4  •  2HCOOCj[H5  which 
we  studied  previously  [1, 4]  had  less  tendency  for  dissociation  (they  only  showed  appreciable  dissociation  at 
concentrations  below  0.003  mole  fraction).  On  going  to  zirconium  iodide,  the  complex  with  ethyl  formate  dis¬ 
sociated  appreciably  even  at  much  higher  concentrations. 

The  concentration  dependences  of  the  molecular  polarization  of  complexes  formed  by  zirconium  iodide 
with  ethyl  acetate,  prrpyl  acetate  and  isobutyl  acetate  (Tables  3-5)  have  the  same  character;  Withan  increase 
in  concentration  the  polarization  first  falls  somewhat  and  then  begins  to  increase.  A  similarly  complex  concen¬ 
tration  dependence  of  the  polarization  was  also  observed  for  the  complex  ZrBr4  •  2C3H7COOCJH5  [4].  Apparently 
at  very  low  concentrations  the  second  ester  molecule  is  practically  completely  eliminated  and  the  fall  in  polariza¬ 
tion  with  a  concentration  increase  is  caused  by  association  of  the  complex  with  the  composition  ZtI^  •  E.  With  a 
further  increase  in  concentration,  the  fraction  of  more  polar  complex  molecules  with  the  composition  Zri^  •  2E 
increases  and  the  polarization  begins  to  grow.  The  polarization  of  the  complex  Zrl4  ’  C3H7CC)OC2H6  (Table  6) 
hardly  changes  with  concentration.  Evidently  at  concentrations  below  0.005  mole  fraction,  with  this  molecule 
the  second  ester  molecule  is  practically  completely  eliminated. 
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Polarization  of  the  Zrl4  complex 
with  ethyl  acetate  in  benzene. 
Molecular  ratio  ot  Zt]^  to  ethyl 
acetate;  1)  1 : 2,  2)  1 : 4,  3)  1 :  6, 
4)  1:8,  5)  1:12. 


That  the  value  of  Poo,  obtained  from  data  presented  in 
Tables  2-5,  corresponds  to  the  polarization  of  the  complexes 
Zrfi^E,  i.e.  to  complete  elimination  of  the  second  ester  molecule, 
is  indicated  by  the  following  fact.  The  difference  in  the  value  of 
Poo  for  the  complexes  Zrl*  *  CH8COCX3jH5  and  Zrf4  •  2CH8COC)C|H5 
(Tables  1  and  3)  is  70  cm’.  In  a  previous  paper  [3]  we  noted  that 
the  difference  in  the  value  Poo  for  complexes  Ztllal^'E  and 
ZrHali '  2E,  with  the  condition  that  at  c  -«>  0  one  ester  molecuie  is 
completely  eliminated  from  the  second  complex, must  be  equal  to 
the  difference  in  the  polarization  of  the  ester  in  benzene  and  that 
of  benzene  itself.  This  difference  is  67  cm’  for  ethyl  acetate.  Thus, 
analysis  ot  the  concentration  dependence  curves  of  the  polarization 
leads  to  the  conclusion  that  for  complexes  ot  Zrl^  with  esters  of 
monobasic  acids,  as  for  complexes  of  ZrCl^  and  ZrBr4,  with  an 
increase  in  the  acid  radical  (formate,  acetate  and  butyrate)  the 
stability  of  the  bond  with  the  second  ester  molecule  decreases. 

Table  ?  and  the  figure  show  data  on  the  molecular  polariza¬ 
tions  of  the  Zrl4  complex  with  ethyl  acetate  in  benzene  at  various 
molecular  ratios  ot  zirconium  iodide  and  ethyl  acetate. 


The  letter  Cj  and  cj  denote  the  concentrations  of  the  complex  Zrl4  ‘  SCHsCOCX^Hs  and  of  excess  ethyl 
acetate,  expressed  in  mole  fractions.  The  calculation  of  the  polarization  was  based  on  the  composition  ot  the 
complex  Zrl4  *  2CH3COOC1H5,  f«c.,it  was  assumed  that  zirconium  iodide  reacted  with  only  two  molecules  of 
ester.*  The  polarization  of  the  free  ethyl  acetate,  i.e., the  excess  over  that  requited  for  formation  ot  the  com¬ 
plex  Zrl4  •  2CH8C0C)C2H6,  was  taken  as  equal  to  94  cm’.  From  the  total  molecular  polarization  ot  the  solution 
we  subtracted  the  value  94  Cf,  i.e., the  contribution  to  the  polarization  from  the  excess  ethyl  acetate. 


By  graphical  interpolation  of  the  data  from  Tables  3  and  7  we  obtained  the  values  of  the  molecular  polari¬ 
zation  of  the  complex  Zrl^  *  2CH3COOC8H5  at  a  concentration  of  0.00200  mole  fraction  with  various  excesses  of 
ethyl  acetate  (Po.o(b)*  Extrapolation  of  these  values  to  an  infinitely  great  excess  of  ethyl  acetate  gave  Pcompl.  ~ 
=  650.  We  consider  this  value  the  approximate  value  of  the  molecular  polarization  of  the  undissociated  complex 
Zrl4  ■  2CH3COOCiH5.  It  corresponds  to  a  dipole  moment  p  =4.97  D. 


Assuming  that  in  the  absence  of  interaction  with  the  second  molecule  of  ethyl  acetate,  the  polarization 
of  the  Zrl4  complex  with  ethyl  acetate  would  change  with  an  increase  in  concentration  in  the  direction  indicated 
by  a  dotted  line  on  the  figure  (i.e., in  the  same  way  that  the  polarization  ot  the  complex  Zrlj  •  CH3COOC3H6 
changes.  Table  1),  we  calculated  the  degree  ot  dissociation  ( a)  and  the  dissociation  constant  (K)  of  th*e  complex 
by  the  formulas 


P  _  p 

^compl.  e 
^compl.~ 


K  =  -. - 

1  —  a 


where  Poo  is  the  polarization  ot  the  complex  with  complete  elimination  of  one  molecule  (dotted  line  on  the 
figure):  Pc  Is  the  polarization  at  the  given  concentration  ot  the  complex  Zrl4  *  2CH3CC)OC3H5;  c  is  the  molar 
concentration  of  the  complex. 

For  solutions  1  and  3,  Table  3,  we  obtained  Oj  =  0.81,  03  =  0.94,  Kj  =  2.3  •  10"*,  K3  =  5.0  •  10"i,  K^y  = 

3.5 -10-^ 

For  the  complexes  ZrCl4  •  2CH3CC)OC2^^s  ZrBr4  •  2CH3COC)C2H5  we  previously  [3,  4]  obtained  values  of 
the  dissociation  constants  ot  the  order  ot  2*  10~^  and  2*  10"*,  respectively.  Thus,  in  the  series  zirconium  chloride  — 
bromide  —  iodide  an  increase  is  observed  in  the  dissociation  ot  the  complexes  ZrHa^  •  2CH3COOC3H6  by  the 
scheme  ZrHal4  •  2E  ^  ZrHal4  •  E  +  E. 


*  We  showed  previously  [3]  that  zirconium  chloride  '•eacts  with  not  more  than  two  molecules  of  ester.  In  the 
series  zirconium  chloride  ^  bromide  —  iodide,  the  bond  even  with  the  second  ester  molecule  decreases  regularly. 
Therefore  the  interaction  of  zirconium  iodide  with  more  than  two  molecules  of  ester  is  improbable. 
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TABLE  7 


Complex  of  Zrl^  With  Ethyl  Acetate  in  Benzene  With  Various 
Excesses  of  Ethyl  Acetate 


Cl 


Pcm* 


a)  Molecular  ratio  of  Zr^ 

to  ethyl  acetate  i  :  4  (/’o.oo2  =  462cm*’) 


0.00441 

0.00882 

2.448 

0.9006 

0.00332 

0.00664 

2.407 

0.8951 

0.00214 

0.00428 

2.362 

0.8892 

0.00142 

0.00284 

2.335 

0.8856 

b)  Molecular  ratio  of  Zrl4 

to  ethyl  acetate  1  :  6  (Po.oo2==527cm  ) 


0.00411 

0.01644 

2.498 

0.8991 

0.(K)309 

0.01236 

2.44t 

0.8940 

0.(X)222 

0.00888 

2.394 

0.8897 

0.00161 

0.(K)644 

2.365 

0.8866 

c)  Molecular  ratio  of  Zr^ 

to  ethyl  acetate  1  :  8  (/’o.oo2  =  568  cm  ) 


0.00393 

0.02358 

2.536 

0.8982 

0.00295 

0.01770 

2.472 

0.8933 

0.00210 

0.01260 

2.414 

0.8890 

0.00165 

0.00990 

2.386 

0.8868 

d)  Molecular  ratio  of  Zr^ 

to  ethyl  acetate  1  :  iz  (Po.oo2  =  Bincm®) 


0.(X)395 

0.0395 

2.625 

0.8999 

0.(X)302 

0.0302 

2.540 

0.8950 

0.00221 

0.0221 

2.472 

0.8905 

0.00167 

0.0167 

2.425 

0.8874 

491 

487 

468 

441 


566 

548 

525 

524 


599 

596 

569 

559 


618 

610 

616 

608 


A  comparison  of  the  concentration  dependence  curves  of  the  molecular  polarization  for  complexes  with  other 
esters  leads  to  the  conclusion  that  this  rule  is  characteristic  of  all  the  complexes  ZrHal^  •  2E  studied.  This  rule  may  be 
formulated  as  a  decrease  in  the  tendency  to  form  complexes  with  the  coordination  number  6.  A  coordination  number  of 
5,  corresponding  to  complexes  with  the  composition  ZrHal^  •  E,  is  much  more  characteristic  of  zirconium  iodide  than  of 
zirconium  chloride. 

To  show  this  rule  in  the  change  in  polarity  ot  the  complexes  studied  in  the  series  zirconium  chloride  — 
bromide  —  iodide  is  more  difficult.  Dissociation  of  the  complexes  ZrHaif  *  2E  lowers  the  apparent  polarity  of 
the  complexes,  which  makes  it  difficult  to  compare  the  values  of  their  dipole  moments.  Therefore,  we  limited 
ourselves  to  comparing  the  dipole  moments  of  the  complexes  ZrHal4*E,  which-are  not  dissociated  in  solution, 
and  also  of  the  complexes  ZrHal4’ 2CH3COOC2H5,  whose  dipole  moments  were  obtained  by  suppressing  the  dis¬ 
sociation  with  excess  ester.  In  addition,  it  is  possible  to  compare  the  dipole  moments  of  the  complexes 
ZrCl4  * 2HCOOC2H5  ZrBr4  •  2HCOOC2H5  since  they  hardly  dissociate,  and  also  ot  the  complexes 
ZrHal4  *  2C3H7C0C)C2H5,  since  they  dissociate  completely  to  ZrHal^  •  C3H7C<X)C2H5. 

For  complexes  with  the  composition  ZrHa^  •  CH3COCX^H5  in  the  series  zirconium  chloride  —  bromide  — 
iodide  we  have  the  dipole  moments  3.89  D,  3.15  D  and  3.17  D,  i.e.,a  fall  in  going  from  chloride  to  bromide 
and  a  very  small  increase,  within  the  limits  of  experimental  error,  in  going  from  bromide  to  iodide.  An  analo¬ 
gous  rule  was  observed  for  complexes  with  the  composition  ZrHal^  •  2CH3C(X)C2H5  (after  suppression  of  dissocia¬ 
tion  with  excess  ethyl  acetate),  which  had  dipole  moments  of  7.13,  4.50  and  4.97  D.  For  complexes  with  ethyl 
formate,  the  transition  from  chloride  to  bromide  produced  a  sli^t  increase  in  polarity:  7.65  and  7.85  D  for  the 
complexes  ZrHal4  •  2HC(X)CjH5  and  4.15  and  4.50  D  for  the  complexes  ZrHalj  •  HCOOC2H5.  The  polarity  of 
complexes  with  the  composition  ZrHal*  •C3H7COOC2H6  hardly  changed  in  the  series  zirconium  chloride  —  bromide. 
The  complexes  ZrHal4  •  2C3H7COOC2H5  had  the  dipole  moments  5.23,  3.80  and  3.07  D  in  the  series  zirconium 
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chloride  —  bromide  -  iodide.  Let  us  add  to  this  that  the  dipole  moments  of  zirconium  halides  in  dioxane  [6,  8] 
have  the  values  5.94  D  for  ZrCl^,  4.68  D  for  ZrBr4  and  5.3  D  for  Zr^. 

The  data  presented  indicate  that  the  change  in  polarity  of  the  complexes  in  the  series  zirconium  chloride  - 
bromide  —  iodide  has  a  complex  character.  In  going  from  zirconium  chloride  to  bromide  and  from  bromide  to 
iodide,  no  definite  rule  was  observed  in  the  change  in  the  polarity  of  the  complexes.  In  general,  on  going  from 
zirconium  chloride  to  iodide  the  polarity  of  the  complexes  decreases. 

Comparison  of  the  data  on  the  polarity  of  the  complexes  ZrHal^  *  E  and  ZrHal^  •  2E  leads  to  the  conclusion 
that  all  the  complexes  with  the  composition  ZrHal4*2E  studied  have  a  cis-  structure. 

Data  on  the  molecular  polarization  of  the  complexes  Zrl4  *  2CH3COOC|H(,  Zrl4  •  2CH3COC)C)Ht 
Zrl4*  2-1-CH8C0C)C4H9  (Tables  3-5)  indicates  an  increase  in  the  polarity  of  the  complexes  with  an  increase  in 
the  length  of  the  alcohol  radical  of  the  ester.  An  analogous  rule  was  observed  previously  [4]  for  complexes  of 
zirconium  bromide  with  acetates,  while  for  complexes  of  zirconium  chloride  with  acetates,  the  alcohol  radical 
had  no  noticeable  effect  on  the  polarity  of  the  complexes  [1].  It  is  possible  that  this  rule  is  caused  by  dispersion 
interaction  of  the  alcohol  residue  with  the  halide.  In  the  series  chlorine  -  bromine  ~  iodine,  the  polarizability 
of  the  halogen  increases  and  this  may  lead  to  an  increase  in  the  dispersion  interaction. 

SUMMARY 

1.  We  measured  the  dipole  moments  of  the  complexes  Zrl4  •  CHsCOOCiHs,  ^rl|  *  SHCOOCiHj, 

Zrl4  •  2CHsCOOCjH5,  Z-rl4  •  2CH3COOC8H7,  2-1 -CH3COOC4H9  and  Zrl4  •  2C3H7COOC3H5  I"  benzene. 

2.  It  was  established  that  an  increase  in  the  acid  radical  of  the  ester  led  to  a  decrease  and  an  increase  in 
the  alcohol  radical  led  to  an  increase  in  the  polarity  of  the  complexes  studied* 

3.  By  means  of  the  dielectric  permeability,  we  determined  the  approximate  value  of  the  dissociation 
constant  of  the  complex  Zrl4  •  2CH3COOC3H6. 

4.  For  complexes  of  zirconium  tetrahalides  with  esters  of  monobasic  acids,  in  the  series  zirconium 
chloride  —  bromide  -  iodide  an  increase  was  observed  in  the  tendency  of  complexes  with  the  composition 
ZrHal4«2E  to  dissociate  (elimination  of  the  second  ester  molecule),  a  decrease  in  the  tendency  of  complexes 
with  the  composition  ZrHal4  •  E  to  associate  and  a  growth  in  the  effect  of  the  alcohol  radical  (toward  increasing 
the  polarity  of  the  complexes). 

5.  With  an  increase  in  the  acid  radical,  the  tendency  of  the  complexes  with  the  composition  ZrHal4*2E 
to  dissociate  increased. 

6.  No  definite  rule  was  observed  for  the  change  in  polarity  of  the  complexes  in  going  from  zirconium 
chloride  to  bromide  and  from  bromide  to  iodide.  The  change  from  zirconium  chloride  to  iodide  led  to  a  decrease 
in  polarity. 
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INVESTIGATION  IN  THE  FIELD  OF  VAPOR-PHASE  CATALYTIC 
HYDRATION  OF  ACETYLENE  AND  ITS  DERIVATIVES 

V.  EFFECT  OF  THE  ANIONS  OF  SOLID  CATALYSTS 

I.  K.  Corn  and  Yu.  A.  Gotin 

S.  V.  Lebedev  All-Union  Synthetic  Rubber  Scientific  Research  Institute 

According  to  the  ideas  presented  in  previous  communications  [1,  2],  the  activation  of  acetylene  during 
its  vapor-phase  hydration  into  acetaldehyde  under  the  effect  of  catalysts,  namely  phosphoric  acid  salts,  is  only 
achieved  when  the  cations  of  these  salts  are  metals  characterized  by  a  certain  structure  in  the  external  layers 
of  the  electron  sheath  (Cu,  Cd,  Zn).*  The  question  arose  as  to  what  was  the  effect  of  the  anion  in  the  salt  used 
as  a  catalyst.  M.  G.  Kucherov  [3]  showed  that  the  hydration  of  acetylene  and  its  derivatives  in  the  liquid  phase 
could  occur  under  the  effect  of  various  mercury  salts,  namely  the  bromide,  sulfate,  chloride  and  acetate.  In  the 
patent  literature,  one  finds  information  on  the  possibility  of  using  not  only  sulfuric,  but  also  phosphoric  and  acetic 
acids  [4].  Travagli  [5]  observed  that  the  rate  of  acetylene  absorption  depended  on  the  nature  of  the  acid.  R.  M. 
Flid  et  al.  [6]  consider  that  the  catalytic  activity  of  acid  solutions  of  mercury  salts  depends  only  on  the  value  of 
the  oxidation  potential  of  these  solutions.  M.  R.  Lozovskii  and  S.  M.  Mendeleva  [7]  hydrated  acetylene  over 
various  solid  mercury  salts,  namely  the  phosphate,  molybdate  and  vanadate.  In  patents,  the  sulfides,  selenides, 
chromates,  tungstates  and  molybdates  of  cadmium  and  zinc  [8],  neutral  and  acid  orthophosphates  or  metaphos¬ 
phates  of  cadmium  [9],  cadmium  and  zinc  oxides  and  also  tungsten  and  molybdenum  trioxide  and  vanadium 
pentoxide  [10]  have  been  proposed  for  the  vapor-phase  process. 

In  order  to  study  the  effect  of  anions,  we  investigated  the  cadmium  and  calcium  salts  of  various  acids. 
Cadmium  was  chosen  as  an  active  cation  and  calcium  as  an  inactive  cation  [2],  which  would  not  mask  the 
catalytic  properties  of  anions.  We  studied  simultaneously  the  effects  of  some  of  these  anions  on  catalysts  of  an 
acid  nature,  on  free  acids,  phosphoric  and  tungstic,  and  on  anhydrides,  molybdic  and  vanadic.  We  should  note 
that  we  could  only  use  those  acids  or  anhydrides,  which  were  quite  stable  and  nonvolatile  at  high  temperatures. 
Phosphoric  acid  was  deposited  on  activated  charcoal  and  the  other  substances  were  tested  without  carrier.  Table  1 
gives  the  results  of  studying  the  catalytic  activity  of  two  series  of  salts  and  some  of  the  acids  corresponding  to 
them.  For  comparison  we  give  data  on  the  catalytic  activity  of  cadmium  and  calcium  hydroxides  (oxides)  as 
compounds  which  do  not  contain  acid  anions.  All  the  catalysts  were  tested  at  the  same  temperature, and  equal 
acetylene  volume  rates  and  water-vapor  dilutions  were  used.  The  experiments  differed  only  in  duration. 

The  data  obtained  show  that  cadmium  tungstate  and  phosphates  were  most  active.  In  selectivity  of  action, 
the  cadmium  salts  differed  considerably:  on  the  tungstate,  molybdate  and  silicate,  quite  considerable  amounts 
of  acetic  acid  were  obtained  together  with  acetaldehyde,  while  the  vanadate  caused  the  formation  of  only  acetic 
acid  and  acetone.  The  yields  of  crotonaldehyde  also  varied.  Cadmium  hydroxide  occupied  a  special  position. 

On  the  one  hand,  it  had  a  low  over-all  activity  and  on  the  other,  it  catalyzed  the  formation  of  acetone  more  than 
formation  of  acetaldehyde.  Under  the  conditions  of  the  process,  there  was  considerable  reduction  of  the  cad¬ 
mium  hydroxide  to  metallic  cadmium  (a  metal  film  appeared  on  the  walls  of  the  reaction  tube).  In  the  case 
of  cadmium  salts,  very  small  traces  of  metal  were  noticed  only  on  spent  molybdate  and  vanadate.  Calcium 
salts  were  found  to  be  practically  inactive  (the  somewhat  different  behavior  of  calcium  tungstate  will  be  dis¬ 
cussed  below).  Catalysts  of  an  acid  nature  were  considerably  more  effective.  It  is  interesting  tc  note  that  here 

*  Mercury  also  has  a  similar  structure,  but  its  salts  were  shown  to  be  active  only  in  liquid-phase  hydration. 
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TABLE  1 


Composition  of  catalyst 

Test 

duration 

(Inhouis) 

Extent 

ofCjH* 

Yield  of  reaction  products  on  CjHt 
converted  (in  mole  %) 

cation 

anion 

conver¬ 
sion 
(in  %) 

ClIjCHO 

croton- 

aldehyde 

CIIjCOOH 

acetone 

( 

*  “  . .  ’“i 

Orthophosphate 

9 

71.3 

77.0 

9.4 

0.7 

1.0 

Pyrophosphate 

4 

81.8 

79.9 

11.4 

1.5 

Not  deter¬ 
mined 

Tungstate 

(I 

89.4 

74.5 

6.8 

14.9 

rhe  same 

Cd 

Molybdate 

9 

04.9 

72.4 

Not 

determined 

14.3 

3.0 

Vanadate 

9 

01.0 

0.0 

0.0 

7.1 

93.1 

Silicate 

9 

.30.9 

03.7 

0.2 

13.4 

8.9 

Hydroxide 

4 

22.0 

20.8 

0.0 

16.2 

59.9 

j 

[ 

Orthophosphate 

2.5 

3.3 

— 

— 

— 

— 

Ca*  1 

1 

Pyrophosphate 

2.5 

3.5 

— 

— 

— 

— 

I'ungstate 

2.5 

1.3.1 

— 

— 

— 

— 

1 

Hydroxide 

3.0 

0.8 

— 

— 

— 

— 

[ 

Orthophosphate 

1.3 

30.9 

70.1 

Not  determined 

Tungstate 

30 

32.2 

74.1 

The  same 

H 

Molybdate 

4 

11.8 

04.0 

Not  deter¬ 
mined 

24.1  1 

Traces 

Vanadate 

4 

10.8 

29.0 

The  same 

28.3 

4.0 

*Due  to  the  low  extent  ot  acetylene  conversion  on  calcium  salts,  the  reaction  products 
were  not  analyzed.  The  presence  ot  aldehyde  in  them  was  contirmed  qualitatively. 


TABLE  2 


Composition 

salt 


of 


Specific  sur- 
ace  of  freshly 

prepared  sam- 

jples(mVg) 


Neutral  orthophos¬ 
phate 
Tungstate 
Pyrophosphate 
Silicate 

Molybdate 

Hydroxide 


Puration  of 
jcatalyst 
operation 
(in  hours) 


,:..2  { 


12.4 


4(» 

170 

43 

.380 

10 

2.3 

10 


Specific 
surface  of 
spent  s^- 
ples  (mVg) 


9.1 

9.0 

16..3 

10.1 

92.4 

12.1 

7.7 


tungstic  and  phosphoric  acids  also  had  a  higher  activity,  though  only  the  former  could  operate  steadily  lor  a  long 
period,  while  on  phosphoric  acid  the  degree  ot  acetylene  conversion  fell  continuously  from  experiment  to  experi¬ 
ment  and  the  pyro-  and  meta- acids  were  formed  [11]  and  were  gradually  removed  from  the  catalyst  zone  with 
the  reaction  products. 

We  determined  the  specific  surface  ot  some  cadmium  salts  by  low  temperature  adsorption  ot  nitrogen  by 
the  BET  method  [12].  The  data  obtained  are  presented  in  Table  2.  Ot  these  salts,  cadmium  silicate  was  distin¬ 
guished  by  its  great  specific  surface  (apparently  it  contained  a  certain  amount  of  tree  SiO^).  During  the  vapor- 
phase  hydration  ot  acetylene  we  observed  some  decrease  in  the  specific  surface  of  the  catalysts,  occurring  as  a 
result  ot  the  prolonged  action  of  high  temperature  (390-400*). 

The  specific  catalytic  activity  at  acetylene  conversion  was  calculated  for  cadmium  orthophosphate, 
pyrophosphate  and  tungstate  [13].  By  a  series  ot  experiments  with  samples  of  the  same  catalyst  with  different 
grain  sizes  (from  0.75  to  3.0  mm),  it  was  first  established  that  with  a  grain  size  ot  3  mm  the  reaction  proceeded 
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TABLE  3 


Composition  of  catalyst 

K  •  10* 

Neutral  orthophosphate 

3.2 

Pyrophosphate 

Tungstate 

3.4 

2.1 

in  the  kinetic  region.  The  ^ecific  activities  of  the  two  pho^hates 
and  the  tungstate  were  found  to  be  of  the  same  order  (Table  3). 

The  effect  of  the  anion  of  solid  catalysts,  namely  various 
salts  whose  cation  was  cadmium,  could  determined  by  the  extent 
of  the  ionic  state  of  the  lattice,  i.e.,the  value  of  the  cation 
charge.  Since  all  these  salts  were  apparently  ionic  crystals,  the 
effect  of  the  anion  on  the  activation  of  acetylene  and  the  forma¬ 
tion  of  a  polar  complex  with  the  cation  [1,  2]  was  not  appreciable 
in  going  from  one  salt  to  another. 


As  regards  cadmium  oxide,  the  bonds  in  its  lattice  have  an 
intermediate  character  in  between  ionic  and  covalent  [14],  and  consequently  the  charge  on  a  cation  in  it  must 
be  less  than  in  salts.  This  may  be  the  reason  why  cadmium  oxide  has  a  lower  catalytic  activity  than  salts  of  this 
metal. 


The  data  presented  above  indicate  that  the  nature  of  the  cation  mainly  affects  secondary  processes,  as  a 
result  of  whidi  the  aldehyde  is  partially  converted  into  side  products.  In  connection  with  this,  in  our  schemes 
presented  in  [1,  2]  the  basic  primary  acts  of  the  process  are  accomplished  only  by  participation  of  the  cation 
of  the  catalysts  and  the  anion  is  not  Involved  in  them. 

It  was  noted  above  that  cadmium  hydroxide  (oxide)  catalyzed  to  a  considerable  extent  the  conversion  of 
acetylene  into  acetic  acid  and  acetone.  The  formation  of  the  same  substances  on  a  series  of  cadmium  salts 
(tungstate,  molybdate  and  vanadate)  also  indicates  that  the  latter  undergo  partial  thermal  dissociation  [15]  with 
the  formation  of  a  certain  amount  of  CdO  and  the  corresponding  acidic  oxide;  we  also  cannot  exclude  the 
possibility  of  partial  hydrolysis  of  the  salt  by  water  vapor  with  the  liberation  of  Cd(OH)2,  which  is  converted  into 
CdO.  The  most  selective  catalysts  and  consequently  those  with  the  least  tendency  for  dissociation  or  hydrolysis 
and  the  most  stable  cadmium  salts  must  be  considered  the  orthophosphate  and  the  pyrophosphate.  The  formation 
of  crotonaldehyde  was  the  result  of  the  greater  or  lesser  condensing  capacity  of  the  catalyst  with  respect  to 
acetaldehyde. 

The  insignificant  activity  of  most  of  the  calcium  salts  was  caused  by  the  incapacity  of  the  calcium  ion 
to  act  on  the  acetylene.  The  higher  activity  of  calcium  tungstate  may  be  explained  by  thermal  dissociation  or 
hydrolysis  proceeding  on  the  surface  of  the  catalyst  with  the  formation  of  calcium  oxide  or  tungsten  oxide  (or 
tungstic  acid);  since  the  former  is  inactive  (see  Table  1),  apparently,  in  this  case  tungstic  acid  must  act  as  the 
catalyst.  Since  the  anion  does  not  play  a  major  role  in  the  hydration  process,  the  considerable  activity  of 
catalysts  of  the  acid  type  which  do  not  contain  an  acetylene  activating  cation  (see  Table  1)  may  be  explained 
by  the  catalytic  action  of  the  hydrogen  ion  (proton).  It  may  be  supposed  that  when  the  catalysts  used  are  not 
acids  themselves,  but  their  anhydrides,  the  addition  of  water  occurs  in  the  surface  layers  of  the  catalyst  with  the 
formation  of  acids  and  their  dissociation  to  ions. 


M0O3  -H  HgO  ^  H2M0O4  ^  2H*  4-  M0O4'' 

According  to  data  in  [16],  a  proton  adds  directly  to  an  acetylene  molecule  with  the  formation  of  a  car- 
benium  ion,  which  then  reacts  with  water.  In  view  of  the  extremely  great  affinity  of  a  proton  for  water  [17], 
we  consider  that  a  proton  may  also  interact  with  water  molecules  adsorbed  on  the  catalyst,  forming  a  hydroxo- 
nium  ion.  The  latter  then  adds  to  acetylene  with  the  formation  of  vinyl  alcohol,  which  then  isomerizes  to 
acetaldehyde: 


CH  =  CH+(H30)+  (CH2=GH— 0H2)+  CH2=CHOH-f  H+  GH3CHO 

The  high  yields  of  acetic  acid  on  molybdic  and  vanadic  anhydrides  indicate  the  capacity  of  the  latter 
to  produce  the  oxidation  of  acetaldehyde.  However,  the  yields  of  acetone  on  them  were  insignificant  in  com¬ 
parison  with  the  corre^onding  cadmium  salts,  since  in  the  absence  of  CdO,  acetic  acid  does  not  undergo  further 
conversions. 
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EXPERIMENT  AL 


As  acetylene  hydration  catalysts  we  used  chemically  pure  tungstic  acid,  molybdic  and  vanadic  anhydrides 
and  calcium  hydroxide.  They  were  compressed  into  tablets  before  use.  Phosphoric  acid  was  deposited  onto 
AR-3  activated  charcoal,  purified  by  boiling  with  dilute  nitric  acid,  washing  with  water  and  drying.  The  content 
of  IQffJo  phosphoric  acid  was  of  the  weight  of  the  catalyst.  The  other  catalysts  were  prepared  by  precipita¬ 
tion.  Neutral  cadmium  orthophosphate  was  precipitated  by  the  action  of  triammonium  phosphate  on  a  solution 
of  cadmium  nitrate.  The  molar  ratio  of  CdO:  P2OS  found  was  2.96  and  that  calculated  for  Cd3(PQ4)2  was  3.0. 
Neutral  calcium  orthophosphate  was  precipitated  by  the  action  of  triammonium  phosphate  on  calcium  nitrate 
solution.  The  molar  ratio  of  CaO:  P1O5  found  was  2.95  and  that  calculated  for  Ca3(PQ4)t  was  3.0.  Cadmium 
pyrophosphate  was  obtained  by  the  dissociation  at  400*  of  cadmium  ammonium  phosphate,  obtained  by  precipi¬ 
tation  from  cadmium  nitrate  with  diammonium  phosphate.  The  molar  ratio  of  CdO:  P1O5  found  was  1.95  and 
that  calculated  for  Cd2P207  was  2.0.  Calcium  pyrophosphate  was  obtained  by  dissociation  at  400*  of  acid 
calcium  orthophosphate,  precipitated  from  calcium  nitrate  by  diammonium  phosphate.  The  molar  ratio  of 
CaO:  P2O5  found  was  2.01  and  that  calculated  for  Ca2P207  was  2.0.  Cadmium  tungstate  was  obtained  by  Jander’s 
method  [18].  Tungstic  acid  was  dissolved  in  \(Plo  ammonia  by  heating  and  the  excess  ammonia  was  neutralized 
with  acetic  acid.  To  the  neutralized  solution  was  added  a  solution  of  cadmium  nitrate.  The  percentage  cad¬ 
mium  found  was  30.6  and  that  calculated  for  CdW04  was  31.2,  Calcium  tungstate  was  precipitated  similarly 
to  cadmium  tungstate.  The  percentage  calcium  found  was  14.3  and  that  calculated  for  CaWQi  was  13.9.  Cad¬ 
mium  molybdate  was  precipitated  by  the  action  of  ammonium  molybdate  solution  on  cadmium  acetate  solution 
at  60*.  The  percentage  Cd  found  was  41.2  and  that  calculated  for  CdMoQ^  was  41.3.  Cadmium  vanadate  was 
precipitated  by  the  action  of  ammonium  vanadate  solution  on  cadmium  acetate  solution  at  60*.  The  percentage 
of  Cd  found  was  36.5  and  that  calculated  for  Cd(V03)2  was  36.2.  Cadmium  silicate  was  precipitated  from  cad¬ 
mium  acetate  solution  by  treatment  with  sodium  silicate  to  complete  precipitation.  The  percentage  Cd  found 
was  60.1  and  that  calculated  for  CdSi03  was  59.6.  Cadmium  hydroxide  was  precipitated  by  the  method  of 
Vollenius  [19]  from  a  boiling  cadmium  nitrate  solution  by  the  addition  of  the  stoichiometric  amount  of  sodium 
hydroxide  solution. 

The  catalysts  were  washed  with  water,  dried  and  compressed  into  tablets.  The  P2O5,  Cd  and  Ca  contents 
of  them  were  determined  by  the  usual  gravimetric  and  volumetric  methods  [20],  The  phosphoric  acid  was  pre¬ 
cipitated  with  ammonium  molybdate  and  determined  by  a  volumetric  method;  cadmium  was  isolated  as  the 
sulfide  and  then  converted  into  the  sulfate  and  calcium  was  precipitated  as  the  oxalate,  which  was  determined 
by  the  permanganate  method. 

The  apparatus  and  experimental  procedure  for  the  hydration  of  acetylene  were  described  previously  [2], 

Into  the  reaction  tube  was  loaded  50  ml  of  catalyst.  The  experiments  were  carried  out  at  390-400*,  an  acetylene 
volume  rate  of  150  literv' liter  of  cat./hour  and  the  acetylene  diluted  with  water  in  a  ratio  of  1: 10  (in  moles). 
The  duration  of  the  experiments  was  3-5  hours.  Regeneration  of  catalyst  between  experiments  on  the  same 
catalyst  was  not  carried  out.  Table  1  gives  average  data  from  several  experiments. 

The  reaction  products  were  analyzed  for  the  acetaldehyde,  crotonaldehyde,  acetic  acid  and  acetone  con¬ 
tents.  The  total  content  of  carbonyl  compounds  in  the  aqueous  condensate  was  determined  with  hydroxylamine 
hydrochloride.  The  crotonaldehyde  content  was  determined  by  bromination  of  the  double  bond.  Acetone  was 
determined  by  Messinger's  method  [21]  through  iodoform;  aldehydes  present  were  first  removed  by  oxidation 
with  silver  oxide.  The  amount  of  acetaldehyde  was  calculated  from  the  total  carbonyl  compound  content  by 
subtraction  of  acetone  and  crotonaldehyde.  The  acetic  acid  content  was  found  by  titration  with  alkali  in  the 
presence  of  phenolphthalein. 


SUMMARY 

1.  It  was  shown  that  the  effect  of  anions  of  salts  on  the  vapor-phase  hydration  of  acetylene  was  only 
observed  when  the  composition  of  the  catalyst  included  a  cation  capable  of  activating  acetylene  or  a  hydrogen 
ion  (proton).  In  the  presence  of  an  inactive  cation  (for  example  Ca  "  )  the  anions  showed  practically  no  effect, 

2.  The  nature  of  the  anion  in  cadmium  salts  apparently  has  no  effect  on  the  primary  acts  of  acetylene 
activation  and  the  formation  of  a  polar  complex.  The  action  of  the  anion  on  the  character  of  acetylene  hydra¬ 
tion  is  expressed  qualitatively  by  a  greater  or  lesser  capacity  to  cause  the  conversion  of  acetaldehyde  into  side 
products. 
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VIII.  SYNTHESIS  OF  PHENYLATED  a,0 -UNSATURAT  ED  ALCOHOLS 
AND  DIENE  (1,  3)  HYDROCARBONS 


V.  I.  Esafov 
Ural  State  University 


A  study  of  the  interaction  of  a,S  -unsaturated  ketones  with  RMgX  showed  that  the  halomagneslum  carbl- 
nolates  formed  very  frequently  lost  HOMgX  and  therefore  diene  (1,  3)  hydrocarbons  or  mixtures  of  carbinols 
with  hydrocarbons  were  obtained  instead  of  tertiary  carbinols  [1].  This  phenomenon  was  observed  in  the  action 
of  both  AlkMgX  and  ArM^  and  apparently  did  not  depend  on  the  nature  of  RM^*  or  on  the  nature  of  the 
alkyl  and  aryl  radicals  attached  to  the  carbinol  carbon,  as  can  be  seen  from  a  comparison  of  certain  halomag- 
nesium  carbinolates,  of  which  (I)  loses  HOMgX  more  readily  than  (II): 


CHg^ 

cuy 


OMgX 


OMgX 


(I) 


CH, 


CII 


OMgX 


(ID 


ciiy 


c=ch-g-c:2H6  ch3(ch2)2GH=ch— g— G2H5 

I 

GH3 
OMgX 

GH3-GH=G - Cl-GsHg 

I  I 

GH,  GH3 


®\r.=^r.n— c:_( 
I 

CH3 


C=-CH-G— G,H5 
3'  I 


Since  (RljCOMgX,  obtained  from  mesityl  oxide,  lost  HOMgX  [2]  mote  readily  than  (R)3COMgX,  obtained 
from  a,B -unsaturated  ketones  able  to  exist  in  the  form  of  cis-  and  trans-isomers  [1,  3],  then  the  stability  of  the 
(R)sCOMgX  examined  should  be  considered  as  depending  on  the  nature  of  the  form  (cis-  or  trans-)  in  which  the 
a,B  -unsaturated  ketones  react.  This  problem  could  be  solved  by  a  special  investigation  with  pure  cis-  and 
trans-forms  of  a,B  -unsaturated  ketones. 

In  the  present  work  we  describe  the  interaction  of  RMgX  witii  2,2,3-trimethyl-5-arylpenten-3-ones-5 
(Ar  =  C^Hs,  p-CHsCeHit  P'CiHsCeHilt  capable  of  existing  in  cis-  and  trans-forms  [4].  The  experiments  showed 
that  of  the  three  homologous  ketones,  2,2,3-trimethyl-5-p-tolylpenten-3-one-5  gave  the  greatest  yields  of 
tertiary  alcohols,  which  were  found  to  be  difficult  to  dehydrate.  In  the  Grignard  reaction,  the  first  and  the 
last  ketone  gave  mainly  diene  (1,  3)  hydrocarbons.  These  features  apparently  are  also  explained  by  the  effect 
of  the  steric  factor.  In  comparison  with  the  aliphatic  analog  (V)  [3],  the  phenylated  diene  (1,  3)  hydrocarbons 
of  structure  (III)  and  (IV)  obtained 


GH2=G— GH=G— G(Gll3)3  GH2=G — GH=G— G(GH3)3  GH2=G - !-GH=G— G(GH3)3 

II  II  II 

GflHs  Gn3  /1-G2H6G9H4  GH3  C(GH3)3  GH3 

(HI)  (IV)  (V) 


show  greater  autonomy  of  the  double  bond  in  the  3,4-position  and  therefore  are  brominated  (see  table)  with  the 
elimination  of  a  large  amount  of  HBr. 


*The  effect  of  the  amount  of  RMgX  introduced  into  the  reaction  was  studied. 
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Expt. 

No. 


bO 

D 

>1^ 

0) 

Ou 

B 

ce 

U> 


gua 

3U'-' 

Bli 


Amount  of  0.1  N  NajS^Os 
solution  (in  ml) 


Sctitra, 

bf  excess 


^^ohelide 


corre.- 

spondlng 

toh&llde 

consumpJ 


3 


COilF-iiii  ®  5) 

^ 


on  iodine 
from  HI 


0> 

l§ 

at 


Values  of  iodine 
numbers  found 

total 

eliml-|addi- 
nation  tlon 

1 

ai'S-Sl 

I  1 1* 

Sa  q  js  E 

o§-«i 

aaSsS 


2, 2,3  -Trime  thyl  -6  -p  -  tolylhe  xe  n  -3  -ol  -5 
0.04621  4  I  11.17  I  4.48  |  0.32  |  109.25|  12.3.08|  17.581105.801 

2,2,3-Trimethyl-6-p-tolylhepten-3-ol-6 
n.0517|  4  I  10.34  I  5.31  |  0..57  1 103.04|  130.361  27.98|  102.38| 

2-Phenyl-4,5,6-trimethylhexadiene-l,3 


7.14 


10.73 


3 

0.1004 

2.5 

0.03 

9.78 

2.44 

253.46 

123.76 

61.69 

62.071 

4 

0.1006 

6.0 

4.28 

19.20 

5.22 

— 

242.24 

131.72 

IIO.52I 

1 

2-p-Ethylphenyl-4,5 

,5  -trime  thylhexadle  ne  • 

•1.3 

5 

0.0810 

1.75 

0.57 

6.28 

1.67 

222..33 

98.28 

52.34 

to.ot 

6 

0.0978 

4.2 

0.50 

15.92' 

4.38 

206.62 

113.79 

92.83 

EXPERIMENTAL 


1.  Synthesis  of  2,2,3-Trimethyl-5-p-tolylhexen-3-ol-5  and  2,2,3-Trimethyl-5-p-tolylheptene-3-ol-S.  • 
a)  Over  a  period  of  4  hours,  a  solution  of  8.5  g  of  2,2,3-trimethyl-5-p-tolylpenten-3-one-5  in  20  ml  of  absoiute 
ether  and  a  solution  of  methylmagnesium  iodide,  prepared  from  1.2  g  of  magnesium,  8  g  of  methyl  iodide  and 
45  ml  of  absolute  ether,  were  added  to  100  ml  of  absolute  ether  at  -15*.  The  reaction  mass  was  carefully  de¬ 
composed  with  50  ml  of  ice  water  and  a  solution  of  dilute  (1 : 3)  acetic  acid.  The  ether  solution  of  the  reaction 
products  was  washed  with  soda  solution  and  water.  After  filtration  the  ether  was  removed  by  distillation  and  the 
residue  recrystallized  from  boiling  ethanol.  We  obtained  4  g  (43.9^)  of  a  substance  in  the  form  of  needles  with 
m.p.  136*. 


Found  C  82.56;  H  10.58;  OH  6.98.  CieHj40.  Calculated  C  82.70;  H  10.41;  OH  1.32.** 


b)  Over  a  period  of  4  hours,  a  solution  of  10  g  of  2,2,3-trimethyl-5-p-tolylpenten-3-one-5  in  20  ml  of 
absolute  ether  and  a  solution  of  ethylmagnesium  bromide,  prepared  from  1.8  g  of  magnesium,  9  g  of  ethyl 
bromide  and  60  ml  of  absolute  ether,  were  added  to  100  ml  of  absolute  ether  at  -15*.  After  the  usual  processing 
the  reaction  mixture  yielded  3.8  g(33.3%)  of  a  substance  in  the  form  of  needles  with  m.p.  137*. 

Found  %  C  82.70;  H  10.84;  OH  6.70.  CnHgeO.  Calculated  %  C  82.87;  H  10.63;  OH  6.90.*  • 


Dehydration  of  the  carbinols  by  distillation  at  4  mm  with  traces  of  iodine  was  accompanied  by  strong 
decomposition  and  therefore  we  were  unable  to  isolate  the  diene  (1,  3)  hydrocarbons  corresponding  to  them  in 
sufficient  amounts  for  investigation. 


2.  Synthesis  of  2-Phenyl-4,5,5-trimethylhexadiene-l,3.  •  •  •  Over  a  period  of  4  hours,  a  solution  of  20  g 
of  2,2,3-trimethyl-5-phenylpenten-3-one-5  in  20  ml  of  absolute  ether  and  a  solution  of  methylmagnesium 
iodide,  prepared  from  4.8  g  of  magnesium,  32  g  of  methyl  iodide  and  100  ml  of  absolute  ether  were  added  to 
100  ml  of  absolute  ether  at  -15*.  The  reaction  mixture  was  left  to  stand  for  12  hours.  The  reaction  products 
were  j»:ocessed  as  above.  After  removal  of  the  ether,  the  residue  was  dehydrated  by  distillation  with  a  small 
amount  of  iodine  r-c  5  mm.  The  hydrocarbon  was  purified  by  distillation  over  metallic  sodium  at  5  mm.  We 
obtained  4.5  g  (22.7%)  of  hydrocarbon. 


•With  the  help  of  the  student  L.  B.  Sirotkin. 

•  •  For  determination  of  iodine  numbers  see  table. 

•  •  ’With  the  help  of  the  student  L.  I.  Stashkov. 
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B.p.  114*  (5  mm),  c^*®  0.8980,  r^"D  1.5230,  MRj)  68.14;  calc.  66.93. 

Found  %:  C  89.60;  H  10.31.  Cigl^o-  Calculated  C  89.94;  H  10.06. 

To  1  g  of  hydrocarbon  was  added  0.5  g  of  freshly  distilled  maleic  anhydride;  no  reaction  was  ob¬ 
served  in  the  cold  but  heating  to  65'  gave  a  solution  with  a  characteristic:,  yellow-green  color  and  an  exothermal 
reaction  began  with  the  temperature  rising  to  163'.  The  crystalline  adduct  was  not  examined  more  closely.  The 
iodine  numbers  of  the  hydrocarbons  were  determined  by  Maclliney's  method  with  50  and  100%  bromine  standards 
(see  table,  experiments  3  and  4). 

3.  Synthesis  of  2-p-Ethylphenyl-4,5,5-trimethylhexadiene-l,3. •  The  synthesis  was  carried  out  similarly 
to  synthesis  2,  starting  from  28  g  of  2,2,3-ttimethyl-5-p-ethylphenylpenten-3-one-5  and  methylmagnesium 
iodide,  prepared  from  4.8  g  of  magnesium.  We  obtained  6  g  (21.6%)  of  hydrocarbon. 

B.p.  118'  (2  mm),  O**®  0.8964,  n?®D  1.5205,  MR^  77.60;  calc.  76.17. 

When  a  mixture  of  1  g  of  hydrocarbon  and  0.5  g  of  freshly  distilled  maleic  anhydride  was  heated,  an 
exothermal  reaction  was  observed  with  a  temperature  rise  to  150'.  We  obtained  a  crystalline  adduct  (needles) 
with  m.p.  129-130' (decomp.). 

Found:  M  320.73.  CuHjeO,.  Calculated:  M  326.42. 

The  hydrocarbon  was  bromlnated  with  50  and  100%  bromine  standards  (see  table,  experiments  6  and  6). 

SUMMARY 

1.  We  prepared  the  new  a,6 -unsaturated  tertiary  alcohols  2,2,3-trimethyl-5-p-tolylhexen-3-ol-5  &nd 
2,2,3-trimethyl-5-p-tolylhepten-3-ol-5  and  determined  their  physicochemical  constants. 

2.  We  prepared  the  new  phenylated  1,3-diene  hydrocarbons  2-phenyl-4,5,5-trimethylhexadiene-l,3 
and  2-p-ethylphenyl-4,5,5-trimethylhexadiene-l,3,  determined  their  physicochemical  constants  and  studied 
their  behavior  in  bromination. 

3.  A  hypothesis  was  put  forward  that  the  stability  of  the  halomagnesium  carbinolates  formed  during  the 
Grignard  reaction  depends  on  the  cis-trans  isomerism  of  the  a, 6  -unsaturated  ketones. 
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I.  INVESTIGATIONS  IN  THE  FIELD  OF  DIOXIDES  OF  THE 


ACETYLENE  SERIES 

F.  Ya.  Perveev  and  V.  Ya.  Statsevich 
Leningrad  State  University 


A  new  reaction  of  acetylene  a-oxides  with  amines,  leading  to  the  formation  of  pyrrole  homologs,  was 
recently  discovered  [1].  The  present  work  was  directed  at  investigating  the  interaction  of  acetylene  dioxides 
with  amines.  It  seemed  interesting  to  compare  the  reactivities  of  dioxides  and  monoxides  of  the  acetylene  series, 
to  establish  the  order  of  opening  of  the  oxide  ring  under  the  action  of  amines  and  to  study  the  conditions  for  con¬ 
vening  the  diaminoglycols  formed  into  the  corresponding  0  -aminopyrrylcarbinols.  This  investigation  was  also 
necessary  since  homologs  of  pyrrole  with  this  structure  have  not  been  described  in  the  literature  up  to  now  and 
methods  for  their  preparation  are  unknown.  Further,  since  dioxides  of  the  acetylene  series  have  been  studied 
very  little,  we  decided  to  investigate  the  order  of  opening  of  the  oxide  rings  under  the  action  of  alcohob  with 
alkaline  and  acid  catalysb. 

As  the  subject  for  investigation,  we  chose  the  dioxide  2,5-dimethyldioxido  -l,2;d,6-hexyne-3  (I).* 


H,C G— CsC— C - CH, 


in., 


CHs 


(I) 


C  H  3 — Cs=Cl— C 

I 

CHa 

(ID 


Ah, 


By  studying  the  interaction  of  dioxide  (I)  with  ammonia,  methylamine  and  ethylamine,  it  was  established 
that  it  was  more  reactive  than  monoxides  of  the  acetylene  series.  For  example,  monoxide  (II)  reacted  with 
ammonia  and  amines  only  when  heated  in  sealed  tubes  at  100*,  while  dioxide  (I)  reacted  with  ammonia  readily 
even  at  room  temperature  and  with  methylamine  (without  cooling)  with  an  explosion. 

The  increased  reactivity  of  dioxide  (I)  b  apparently  explained  by  the  fact  that  the  electron  density  in  the 
sphere  of  the  oxide  rings  b  decreased  in  comparison  with  monoxides  of  the  acetylene  series  due  to  the  absence 
of  electron-donor  substituents  R: 


rb 

Acs^C— ^CH, 

CH, 

The  decrease  in  electron  density  in  the  sphere  of  the  oxide  ring  facilitates  the  approach  of  a  nucleophilic 
reagent  to  the  reaction  center. 

The  reaction  of  methylamine  with  dioxide  (I)  at  room  temperature  formed  l,6-dimethylamino-2 ,5-dimethyl 
hexyne-3-diol-2,5  (HI),  which  gave  N-methyl-2-(l-hydroxy-2-methylaminoisopropyl)-4-methylpytrole  (IV)  when 
heated  for  many  hours. 

"^p.  95-96*  at  12  mm  and  i?®D  1.4665  [2]. 
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CHa-C-G=C 


-cAh, 


I2-1-GH3NH2  ^ 

I  I 

GH3  GH3 

GH3-NH-GH2-GOH— G=G— GOH-GH2-NH— GH3 

I  I 

GH3  GH3  (HI) 


GH3-NH-GH2— GOH-  n 

I 

GH3  I 
*  GH3 


-GH3 


(IV) 


On  analysis  of  the  Infraied  spectra  of  compound  (III)  in  the  region  of  1700-600  cm**^,  an  absorption  band 
was  found  at  1150  cm~i,  the  characteristic  frequency  of  a  tertiary  alcohol  group  [3]  and  also  absorption  bands 
characteristic  of  other  groups  of  this  compound.  Compound  (IV)  gave  a  color  reaction,  mercury  derivative  and 
azo  dye,  characteristic  of  pyrroles.  Analysis  of  the  infrared  absorption  spectra  showed  absorption  bands  of  a 
pyrrole  ring  (769,  1146,  1416  cm~l  [4,  5],  a  tertiary  hydroxyl  (1150  cm~l)  and  of  other  groups. 

Thus,  the  absence  of  absorption  bands  characteristic  of  a  primary  hydroxyl  from  the  spectra  of  compounds 
(III)  and  (IV)  and  also  the  capacity  of  compound  (III)  to  be  converted  into  pyrrole  indicates  that  opening  of  the 
oxide  rings  in  compound  (II)  under  the  action  of  amines  proceeds  at  the  more  hydrogenated  carbon  atom. 

The  synthesis  of  (IV)  may  be  accomplished  in  one  stage  without  preliminary  isolation  of  the  diaminogly- 
col  by  heating  the  starting  components  for  many  hours  in  a  sealed  tube.  In  a  similar  way  we  isolated  N-ethyl-2 
(l-hydroxy-2-ethylaminoisopropyl)-4-methylpyrrole  (V),  the  reaction  fxroduct  of  dioxide  (I)  with  ethylamine. 

Compounds  (IV)  and  (V)  were  stable;  they  were  oxidized  only  on  prolonged  storage.  2-(l-Hydroxy-2- 
am ino isopropyl) -4 -methylpyrrole,  formed  by  the  action  of  ammonia  on  dioxide  (I),  was  a  very  unstable  com¬ 
pound,  which  rapidly  polymerized.  This  difference  is  explained  firstly  by  the  fact  that  in  the  case  of  N-sub- 
stituted  B  -aminopyrrylcarbinols  there  is  no  hydrogen  whose  lability  facilitates  various  conversions  and  secondly 
by  the  fact  that  an  electron-donor  substituent  in  the  N-position  stabilizes  the  pyrrole  ring  due  to  an  increased 
conjugation  effect  in  the  ring. 

As  regards  the  mechanism  of  6 -aminopyrrylcarbinol  formation  from  diaminoglycols,  it  may  be  regarded 
as  an  intramolecular  nucleophilic  substitution  process: 


GH3— GOH— GH2 

I 

i  NHR 

I 

GH3— GOH 

I 

NHR 

R  =  H,  alkyl 


GH3-GOH-GH2  n 

I 

G- 


N  H+ 


GH3— GOH  R 

I 

NHR 


-H,0 


RNH 


-GH2-GOH-O 


1-CH3 


GH3 


N/ 

I 

R 


Depending  on  the  nature  of  the  catalyst,  the  condensation  of  alcohol  with  dioxide  (I)  formed  products 
differing  both  in  physical  constants  and  in  chemical  properties.  In  the  case  of  alkaline  catalysis,  1,6-diethoxy- 
2,5-dimethylhexyne-3-diol-2,5  (VI)  was  obtained. 

Compound  (VI)  did  not  form  phenylurethans  with  phenyl  isocyanate.  For  proof  of  the  structure,  compound 
(VI)  was  converted  into  2,5-dimethyl-2,5-diethoxymethylketo-3-hydrofuran  (VU)  by  the  Dupont  reaction  [6]. 

Acid  catalysis  yielded  2,5-diethoxy-2,5-dimethylhexyne-3-diol-l,6  (Vni),  which  reacted  readily  with 
phenyl  isocyanate,  giving  the  corresponding  diphenylurethan.  .Compound  (VIII)  was  not  converted  into  a  keto- 
hydrofuran  by  Dupont's  method. 
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and  a  reflux  condenser  were  placed  12  g  of  dioxide  (I),  30  ml  of  anhydrous  alcohol  and  0.5  g  of  NaOH.  The 
reaction  mixture  was  stirred  and  heated  (60-70*)  for  20  hours.  Browning  of  the  solution  was  observed.  The  alco 
hoi  was  removed  and  the  product  vacuum  distilled.  We  isolated  6  g  of  a  yellow  liquid  of  average  viscosity, 
which  was  soluble  in  water  and  organic  solvents. 

B.p.  120-123*  (1.5  mm),  di*®  1.0121,  i^®D  1.4620,  MRo  62.55;  calc.  61.94. 

Found  C  62.79,  62.54;  H  9.35,  9.41;  act.  H  1.98,  2.03.  CuH2j04.  Calculated  C  62.595; 

H  9.625;  two  active  H. 
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2,6-Dlmethyl-2,5-dlethoxymethylketo-3-hydrofuran  (VII).  12  g  of  (VI),  60  g  of  water  and  2.4  g  of 
HgSQi  were  placed  in  a  round-bottomed  flask  with  a  reflux  condenser  and  heated  on  a  boiling  water  bath  for 
1  hour.  The  product  was  extracted  with  ether.  The  ether  solution  was  dried  with  MgSO^.  The  ether  was  re¬ 
moved  and  the  product  vacuum  distilled.  We  isolated  3.5  g  of  substance  as  a  pale  yellow,  mobile  liquid,  which 
was  insoluble  in  water,  but  readily  soluble  in  organic  solvents. 

B.p.  71.6-73’  (0.5  mm),  d**®  0.9945,  nP®D  1.4393,  MRp  60.95;  calc.  60.45. 

Pound  %:  C  62.55;  H  9.59;  act.  H  absent.  Calculated  C  62.595;  H  9.625. 

2,5-Diethoxy-2,5-dimethylhexyne-3-diol-l,6  (VIII).  Into  a  round-bottomed  flask  with  a  mechanical 
stirrer  were  placed  30  ml  of  anhydrous  alcohol  and  2  drops  of  cone.  I^SQi.  10  g  of  dioxide  (I)  was  gradually 
added  so  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  45*.  The  solution  acquired  a  dark 
brown  color.  After  15  minutes,  1  g  of  sodium  carbonate  was  added  to  the  solution  and  the  mixture  stirred  until 
the  solution  lightened  (30  minutes).  After  removal  of  the  excess  alcohol,  the  product  was  vacuum  distilled.  We 
obtained  6  g  of  substance  as  a  very  viscous„yellow  liquid,  which  was  soluble  in  water  and  organic  solvents. 

B.p.  126-128*  (1  mm),  dd*®  1.0406,  n*®D  1.4694,  MRd  61.68;  calc.  61.94. 

Found  C  62.37,  62.54;  H  9.381,  9.384;  act.  H  2.04  ,  2.08.  Cul^Q*.  Calculated  C  62.595;  H  9.625; 
two  active  H. 

The  substance  formed  a  crystalline  urea  derivative  with  a-naphthyl  isocyanate.  Recrystallization  from 
alcohol  yielded  white  crystals  with  m.p.  ,141". 


SUMMARY 

1.  A  new  method  was  developed  for  preparing  B -aminopyrrylcarbinols  by  the  interaction  of  a  dioxide, 
2,5-dimethyldioxido-l,2;5,6-hexyne-3,  with  ammonia,  methylamine  and  ethylamine. 

2.  By  this  method  we  synthesized  N-methyl-2-(l-hydroxy-2-methylaminoisopropyl)-4-methylpynole. 

3.  The  reaction  of  the  dioxide  with  alcohol  was  studied.  It  was  found  that  with  alkaline  catalysis,  a 
primary  diether  of  erythrol,  namely  l,6-diethoxy-2,5-dimethylhexyne-3-diol-2,5,  was  formed  and  with  acid 
catalysis,  a  tertiary  diether,  2,5-diethoxy-2,5-dimethylhexyne-3-diol-l,6. 
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INVESTIGATIONS  IN  THE  FIELD  OF  SYNTHESIS 

AND  CONVERSIONS  OF  UNSATURATED  ORGA  N  OS  I LIC  ON 

COMPOUNDS 

U.  SYNTHESIS  OF  SILICOHYDROC ARSONS  OF  THE  VINYLACETYLENE  SERIES 

I.  A.  Shikhiev,  M.  F.  Shosta  kovskil  and  L.  A.  Kayutenko 

Institute  of  Organic  Chemistry  Academy  of  Sciences  USSR  and  Institute  of 

Petrochemical  Processes  Academy  of  Sciences  Azerbaidzhan  SSR 

The  synthesis  of  acetylene  alcohols  [1],  their  hydration  and  dehydration  [2,  3]  and  also  the  addition  of 
various  reagents  to  them  at  the  triple  bond  [1,  4,  5]  is  of  great  theoretical  and  practical  interest.  It  seemed 
interesting  to  carry  out  the  analogous  conversions  of  organosilicon  acetylene  alcohols  for  a  comparative  study 
of  their  properties.  We  previously  developed  a  method  for  preparing  mono-  [6],  di-  [7]  and  trihydric  [8] 
y -silicon-containing  and  y -germanium -containing  [9]  acetylene  alcohols.  In  the  present  investigation  we 
studied  the  dehydration  conditions  of  some  y -silicon-containing  ditertiary  acetylene  glycols  and  also  the  catalytic 
hydrogenation  of  the  silicohydrocarbons  obtained  by  the  scheme 


R  R 

CHjv  I  /CH3  _ oij  o  I 

\c— C=C— Si-feC-G^  — i-U  CH2=C-C=C— Si— C=G— C=CH2  — 

CH3/1  I  |\gh3  I  I  I 

OH  IV  OH  GH3  R'  GH3 

(I) 

R 

I 

— ^  GII3-GH— GHj— CHg— Si— GH2-GH2— GH— GH3 


GH, 


R' 


I 

GH, 


EXPERIMENTAL 

1.  Dehydration  of  Bls-(l,l-dimethylpropyn-2-ol-l)-ethylsilane  (HI).  We  used  16  g(0.07  mole)  of  glycol, 
0.03  g  of  hydroquinone  and  13.7  g  (0.1  mole)  of  KHSO4.  The  reaction  mixture  was  heated  to  66“  with  continuous 
stirring.  The  reaction  product  was  vacuum  distilleo  three  times.  In  this  way  we  obtained  four  more  silicohydro¬ 
carbons,  whose  characteristics  are  given  in  the  table. 

2.  Quantitative  Catalytic  Hydrogenation  of  Bis-(2-methylbuten-l-yne-3)-dlethylsilane  (IV).  8.6  g  of 
silicohydrocarbon,  30  ml  of  anhydrous  methanol  and  0.8  g  of  Raney  nickel  were  placed  in  a  hydrogenation 
"duck”.  The  ait  was  flushed  from  the  system  and  after  6  minutes,  the  absorption  of  hydrogen  began.  The  hydro¬ 
genation  proceeded  rapidly.  A  total  of  6060  ml  of  hydrogen  was  absorbed  instead  of  the  theoretically  required 
6940  ml.  After  3  hours  the  absorption  of  hydrogen  ceased.  After  removing  the  catalyst  and  evaporating  the 
methanol,  we  isolated  the  product  of  exhaustive  hydrogenation. 

B.p.  93-94“  at  3  mm,  nP^D  1.4626,  0.8368;  MRq  73.76;  calc.  73.20. 
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The  fully  hydrogenated  diethyldiisoamylsilane  obtained  did  not  decolorize  bromine  water. 


SUMMARY 

1.  A  method  was  developed  for  preparing  vinylacetylene  silicohydrocarbons  by  dehydration  of  appropriate 
ditertlary  v  -silicon-containing  acetylene  glycols  in  the  presence  of  KHSO4. 

2.  Bis-(2-methylbuten-l-yne-3)-ethylsilane,  bi8-(2-methylbuten-l-yne-3)-diethyl8ilane,  bis-(2-methyl- 
buten-l-yne-3)-dimethylsilane,  bis-(2-methylbuten-l-yne-3)-methylethyl8ilane  and  bis-(2-methylbuten-l-yne- 
3)-methylpropyl8ilane  were  prepared  and  characterized  for  the  first  time. 

3.  Catalytic  hydrogenation  of  bis-(2-methylbuten-l-yne-3)-diethylsilane  yielded  the  corresponding 
saturated  silicohydrocarbon,  diethyldiisoamylsilane. 
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SYNTHESIS  OF  3-  AND  3 ,6 -SUBST  IT  UT  ED  T  HI  A  Z  O  LES  - 1  ,2  ,4 

I.  Ya.  Postovskii  and  N.  N.  Vereshchagina 
Ural  Polytechnic  Institute 

2-Benzylbenzimidazole  [1]  and  2-benzylimidazoline  [2]  are  highly  active  agents  for  lowering  blood 
pressure.  These  compounds  contain  the  characteristic  grouping  (I).  In  this  connection  it  seemed  interesting  to 
synthesize  analogous  heterocyclic  compounds  with  the  same  grouping  such  as,  for  example,  1,2 ,4 -triazoles  with 
benzyl  residues  in  positions  3  and  3,5  (VI)*  for  pharmacological  testing.  It  also  seemed  interesting  to  synthesize 
1,2 .4 -triazoles  with  a  y-pyridyl  residue  for  testing  the  tuberculostatic  properties,  since  such  a  compound  would 
contain  the  grouping  (II),  which  is  present  in  the  active  hydrazide  of  isonicotinic  acid  or  the  corresponding 
hydrazones. 


I 

/N> 

QH5UH2 — ) 

I 

(I) 

Several  methods  are  described  in  the  literature  for  preparing  3,5-substituted  triazoles -1,2,4.  Thus,  they 
may  be  obtained  by  fusing  acid  amides  and  hydrazides  [3],  by  heating  N^,  N* -diacylhydrazines  with  zinc  ammo¬ 
nium  chloride  [4]  and  by  the  reaction  of  nitriles  with  the  salt  of  hydrazides  of  benzenesulfonic  acid  [5]  (see 
also  [6]).  Since  most  of  the  existing  methods  of  preparing  the  triazoles  described  above  give  poor  yields,  we 
considered  it  worthwhile  to  develop  a  new  method  synthesizing  these  compounds  making  it  possible  to  prepare 
with  certainty  various  3-  and  3,5 -derivatives  of  triazoles-1,2,4.  It  was  found  that  a  suitable  method  for  this 
purpose  was  that  by  which  triazoles  were  obtained  by  the  reaction  of  iminoethers  (III)  with  acid  hydrazides  (IV) 
through  the  stage  of  acylamidrazones  (V)  by  the  scheme 


/NH 

RG<f  +  H2NHNCOR' 

^OCaHs 
(III)  (IV) 


NUCOR' 

(V) 


-H,0 


/NH. 


(VI) 


If  R  =  H  (in  the  case  of  the  hydrazide  of  formic  acid)  then  monosubstituted  triazoles  were  formed.  By 
this  method,  each  disubstituted  triazole  could  be  obtained  by  two  routes  as  is  shown  by  the  scheme 


NH 


n/ 

'^OCgHr, 

R'CONIlNHa  -! 


NH 


/NH\ 

RC  CR’ 


R'C 


NoCall-, 
RCONHNH2 


*ln  formula  (VI)  the  hydrogen  atom  is  arbitrarily  placed  at  nitrogen  atom  4.  In  actual  fact,  the  position  of  the 
hydrogen  atom  in  different  triazole  derivatives  has  not  been  determined. 
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TABLE  1 


Acylamidrazones 


R-C 


/NH, 

'^NNHCOR' 


Com¬ 

pound 

R' 

hrield,. 
balcu- 
lated  on 

Melting  point 

Empirical 

formula 

Nitrogen  con¬ 
tent  (in  %) 

R 

No. 

hydrazide 
[in  %) 

found 

1  calcu¬ 
lated 

1 

CH, 

CH, 

50 

175—176° 

C,H,ON, 

36.63 

.36..50 

2 

CH, 

c.n, 

66 

168—169* 

C,H„ON, 

23.27 

23.72 

3 

CH, 

C,H,CH, 

46 

166—167 

^  inH|30N3 

21.81 

21.98 

4 

CH, 

//^\ 

1 

1 

74 

163-164* 

C,Hk,ON4 

31.22 

31.45 

5 

C,H, 

CH, 

58 

172-173 

C,H„ON, 

23.56 

23.72 

6 

C.H, 

C,H. 

50 

183-184  (188|«j| 

ChH„ON, 

— 

— 

7 

C.H. 

r,H,CH, 

28 

176-177 

C,.H,.ON, 

16.63 

16.59 

8 

C,H, 

1  1 

1 

80 

175-176 

C„H„ON, 

Z3..52 

23..32 

9 

C,H,CH, 

CH, 

81 

181—182 

C,oH„ON, 

21.75 

21.98 

to 

C,H,CH, 

C,H,  ! 

50 

179—180 

16.61 

16..59 

11 

c,H,cn, 

C,H,CH, 

34 

182-183 

C„H„ON, 

15.71 

1.5.72 

12 

C.H,CH, 

1 

50 

182—183 

C„H,.ON, 

22.08 

22.04 

13 

C,H,CH, 

r> 

37 

160—168* 

C„H„0N4 

18.16 

18.41 

y — \ 

'•X _ rX' 

•  This  compound  crystallized  with  a  molecule  of  water,  which  was  removed  by  drying  at 
llO*. 


Thus,  of  the  two  different  Imlnoethers  and  the  two  hydrazldes.  It  is  possible  to  choose  the  most  accessible 
ones  for  synthesis. 

As  starting  materials  for  the  synthesis  of  trlazoles,  in  the  present  work  we  used  methyl  imlnoether,  ben- 
zolmlnoether,  benzyl  Imlnoether  and  the  hydrazldes  of  formic,  acetic,  benzoic,  phenylacetlc,  Isonicotlnlc  and 
8-qulnolinecarboxyllc  acids.  The  reaction  was  carried  out  In  boiling  alcohol  solution.  The  first  stage  of  the 
reaction  formed  the  acylamidrazones  (V)  (Table  1),  which  lost  a  molecule  of  water  when  heated  above  their 
melting  points  and  gave  good  yields  of  trlazoles  (VI)  (Table  2).  The  rate  of  formation  of  the  trlazoles  from  the 
acylamidrazones  varied  and  depended  on  the  nature  of  the  radicals.  In  the  case  of  the  hydrazide  of  formic  acid, 
ring  closure  proceeded  so  readily  that  It  was  even  Impossible  to  Isolate  the  Intermediate  product,  formylamidrazone. 
Even  on  boiling  in  alcohol,rlng  closure  occurred  with  the  acylamldrazone  containing  an  Isonicotlnyl  residue 
(Table  1,  compounds  4,  8  and  12).  All  the  other  acylamidrazones  underwent  ring  closure  with  more  difficulty, 
l.e.,only  on  heating  above  their  melting  points.  Some  of  the  trlazoles  presented  here  have  been  described  In  the 
literature  (compounds  14, 15, 18, 19,  24  and  28),  but  they  were  obtained  by  other  methods.  We  prepared  three 
of  the  trlazoles  {Resented  In  Table  2  by  the  alternate  routes  described  above  (compounds  15  and  18, 16  and  22 
and  20  and  23). 

The  acylamidrazones  and  trlazoles  were  readily  crystalllzable,  colorless  compounds.  The  trlazoles  had 
amphoteric  properties:  they  dissolved  In  alkalis  due  to  the  acid  atom  of  the  NH  group  and  also  In  strong  hydro¬ 
chloric  acid  in  the  cold  or  on  heating,  apparently  due  to  the  basic  properties  of  the  other  nitrogen  atoms  of  the 
ring.  The  nature  of  the  substituent  affected  the  basicity  of  the  trlazoles.  Thus,  trlazoles  containing  a  methyl 
group  In  position  3  and  another  group  in  position  5  [compounds  14, 15  (18)  and  16  (22)]  and  also  trlazoles  with 
a  pyridine  residue  (compounds  17,  21  and  25)  and  the  monobenzyl  derivative  27  gave  readily  crystalllzable  hy¬ 
drochlorides,  which  were  not  hydrolyzed  when  aqueous  solutions  were  heated.  On  the  other  hand,  trlazoles  with 
phenyl  residues  (compounds  19  and  28)  and  with  phenyl  and  benzyl  residues  [compound  20  (23)]  and  also  dlbenzyl 
and  quinoline  compounds  (24  and  26)  formed  unstable,  readily  hydrolyzable  hydrochlorides. 
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TABLE  2 

3- and  3,5-Substituted  Triazoles-1,2,4  nc'^  ^cii' 

N-N 


o 

NitroRen 

content  ( in  “/o] 

B 

o 

a 

3 

.a 

Recrystalllaa- 

bO 

Ou  4) 

o 

CL, 

II 

11' 

Sax' 

•o 

tion  solvent 

a 

Tj  M 

T3 

1 

a-o 

E 

o 

0) 

>- 

a  g 

1  ^  *2 

2  a 

E  g 

ui  0: 

a 

s 

.2 

u  ” 

U, 

ClI, 

Oil, 

90 

1 

Benzene 

139—140® 

C,1I,N, 

43.00 

43.27 

108—109® 

Cll, 

0,11, 

(142  (»1) 

(170111)) 

If) 

74 

Toluene 

1(53-104 

C,H,N, 

— 

— 

157-159 

Cllj 

0,11,011, 

(1(50  (••’1) 

24.19 

(158  (3)) 

l(i 

17 

95 

Aqueous  alcohol 

130—137 

C,„1I„N, 

24.20 

148—150 

OH, 

34.78 

92 

Water 

207—208 

CbH.N, 

34.98 

223—224 

18 

C,II. 

(decomp.) 

Cll, 

74 

Toluene 

102—103 

C,1I,N, 

— 

— 

157—159 

19 

C,H, 

C,H, 

(100  l^l) 

(158  (3)) 

92 

Aqueous  alcohol 

189—190 

C„HuN, 

— 

— 

167—109 

20 

C,II. 

0,11,011, 

(19013.5]) 

17.73 

(166  (5)) 

84 

Benzene,  llgroin 

113-114 

Ci,lIijNj 

17.80 

197-198 

21 

c,ll, 

-o 

94 

75 

Aqueous  alcohol 

The  same 

242—243 

C,,H,„N4 

24.90 

25.21 

244—246 

(decomp,) 

22 

OH, 

137—138 

— 

— 

148-150 

23 

0,11, Cll, 

C,H, 

94 

93 

Benzene,  ligroin 

113—114 

C„H„N, 

10.93 

— 

190—198 

24 

(',11,011, 

C.ll.ClI, 

-o 

144—140 
(147  [H>I) 

C„I1„N, 

10.80 

134—135 

25 

0,11,011, 

92 

Aqueous  alcohol 

174-175 

C„U„N. 

23.34 

23.72 

174-175 

29 

0,11,011, 

o 

90 

The  same 

122—123 

C„HmN, 

19.54 

19.57 

1 53-154 

/  \ 

27 

C,1I,0H, 

11 

43 

Toluene 

95-90 

C,H,N, 

20.33 

20.40 

_ 

28 

C.ll, 

11 

18 

The  same 

117-118 

C,H,N, 

— 

— 

168—169 

(120112)) 

• 

Some  triazoles  were  converted  into  acetyl  derivatives  by  reaction  with  acetic  anhydride.  Thus,  we  ob¬ 
tained  readily  crystallizable  acetyl  compounds  from  triazoles  23  (m.p.  100-101“)  and  25  (tn.p.  109-111“).  All 
the  triazoles  gave  bright  yellow  picrates  (see  Table  2  for  melting  points  of  picrates). 

By  testing  the  tuberculostatic  properties  of  the  acylamidrazones  and  triazoles  with  a  y  -pyridine  residue  it 
was  established  that  the  acylamidrazones  (4,  8  and  12)  stopped  the  growth  of  tubercle  bacilli  at  a  dilution  of 
1 : 1,000,000,  while  the  cyclic  products  obtained  from  them,  the  triazoles  (7,  21  and  25),  were  inactive  compounds.  • 
This  is  evidently  explained  by  the  fact  that  the  acylamidrazones  contained  the  amide  group  CONH",  capable 
of  enolization  and  complex  formation  with  metals,  while  this  group  was  absent  from  the  triazoles.  The  results  of 
the  testing  again  indicate  the  value  of  this  group  in  derivatives  of  y -pyridylhydrazide  for  producing  tuberculo¬ 
static  properties  [7]. 


•The  tuberculostatic  properties  of  the  compounds  were  tested  by  E.  I.  Chertkova  (Sverdlovsk  Tuberculosis 
Scientific  Research  Institute).  The  results  of  pharmacological  testing  of  the  benzyl  derivatives  will  be  published 
separately. 


2107 


EXPERIMENTAL 


Preparation  of  Acylamidrazones.  0.001  mole  of  NaOH  was  dissolved  In  anhydrous  alcohol  by  boiling.  To 
the  cooled  solution  Was  gradually  added  0.001  mole  of  Imlnoether  hydrochloride  with  shaking.  The  precipitated 
mineral  salt  was  removed  and  to  the  filtrate  was  added  0.001  mole  of  hydrazlde.  The  mixture  was  boiled  for 
5-10  minutes  and  left  to  cool  for  30-40  minutes.  When  a  precipitate  did  not  form  on  cooling,  the  solution  was 
diluted  with  water.  The  precipitate  was  collected,  dried  and  recrystalllzed  from  95%  alcohol  (compound  2  from 
a  mixture  of  alcohol  and  benzene  and  compound  3  from  aqueous  alcohol).  All  the  acylamidrazones  melted  with 
the  evolution  of  bubbles  (water  vapor)  and  the  formation  of  trlazoles.  The  acylamidrazones  obtained,  the  yields, 
melting  points  and  analyses  are  presented  In  Table  1. 

Preparation  of  3-  and  3,5-Substltuted  Trlazoles  1,2,4.  The  acylamldrazone  was  heated  In  a  small  flask 
Immersed  In  Wood's  alloy  at  a  temperature  5-10*  above  the  melting  point  until  the  evolution  of  water  vapor 
bubbles  ceased.  After  cooling,  the  triazole  was  recrystallized  from  the  solvent  indicated  in  Table  2,  which  also 
gives  the  analyses  and  data  on  the  yields  and  melting  points  of  the  triazoles  and  their  picrates. 

SUMMARY 

1.  A  convenient  method  is  put  forward  for  preparing  3-  and  3,5-substituted  triazoles-1,2,4,  starting  from 
imlnoethers  and  hydrazides  of  acids. 

2.  By  this  method  we  synthesized  13  acylamidrazones  and  12  triazoles,  of  which  12  acylamidrazones  and 
7  triazoles  have  not  been  described  in  the  literature. 

3.  The  importance  of  a  free  amide  group  in  y  -pyridyl  derivatives  of  acylamidrazones  for  producing 
tuberculostatic  activity  was  demonstrated. 
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A  CONTRIBUTION  ON  THE  PROPERTIES  AND  STRUCTURE  OF  PLASTEINS 

K.  S.  Makarov  and  N.  I.  Gavrilov 
Moscow  State  University  and  Yaroslavl’  Medical  Institute 


Since  the  discovery  by  Danilevskii  [1],  there  has  been  repeated  confirmation  of  the  capacity  of  pepsin, 
trypsin,  cathepsin,  chymotrypsin,  papain  and  enzyme  extracts  of  various  organs  and  tissues  to  act  on  incomplete 
hydrolyzates  of  protein  (peptones)  to  synthesize  peculiar  proteinaceous  substances,  which  have  been  named 
plasteins  [2],  Up  to  the  present  time,  plasteins  have  been  synthesized  from  hydrolyzates  of  fibrin,  keratin, 
casein  and  myosin  [3,  4],  egg  albumin  [2,  5],  globulins  [6,  7],  zein  and  gliadins  [8,  9],  trypsin  and  pepsin  [10], 
insulin  [11]  and  other  proteins.  It  was  established  that  plastein  formation  may  occur  in  hydrolyzates  with  various 
degrees  of  cleavage,  at  various  temperatures  (within  the  limits  of  heat  stability  of  the  enzymes)  and  over  com¬ 
paratively  wide  pH  limits,  specific  for  each  enzyme.  Accompanied  by  the  synthesis  of  peptide  bonds  [7]  and 
an  increase  in  the  molecular  weight  [8,  12],  the  formation  of  plasteins  under  various  conditions  stopped  at  a 
more  or  less  definite  stage  of  coagulation  of  the  particles  of  the  hydrolyzate  with  a  considerable  excess  of  the 
latter.  In  physicochemical  properties  the  plasteins  from  variou;>  hydrolyzates  are  a  group  which  are  in  many 
ways  similar  to  proteinaceous  substances,  lacking  the  specific  properties  of  the  mother  proteins.  This  circum¬ 
stance  shows  the  known  deficiency  of  the  plastein  formation  reaction.  On  the  other  hand,  its  widespread  appli¬ 
cability  presupposes  the  existence  of  much  greater  possibilities  for  this  enzyme  reaction.  As  is  known  by  the 
action  of  enzymes  on  hydrolyzates  under  high  pressure,  Bresler  et  al  [13]  synthesized  quasi-proteins  with  prop¬ 
erties  similar  to  those  of  the  starting  proteins.  Regrettably,  such  a  factor  in  the  synthesis  is  unnatural.  The 
capacity  of  proteolytic  enzymes  to  synthesize  plasteins  is  undoubtedly  closely  related  to  the  more  extensive 
participation  of  enzymes  in  the  synthesis  of  proteins  in  an  organism.  In  this  connection,  a  thorough  study  of  the 
properties  and  structure  of  plasteins  and  the  mechanism  of  their  synthesis  is  apparently  one  of  the  essential  steps 
in  the  study  of  proteins.  Nonetheless,  many  of  the  properties  of  plasteins  and,  in  particular,  the  problem  of  the 
structure  of  the  hydrolyzate  peptides  and  their  rearrangement  during  the  synthesis  have  been  studied  very  little. 
Thus,  on  investigating  the  plastein  from  zein,  in  their  first  paper  [14]  Virtanen  et  al.  agree  with  the  opinion  put 
forward  earlier  by  Folly  [15]  that  plastein  formation  was  the  process  of  cyclization  of  hydrolyzate  peptides. 
However,  in  their  subsequent  paper  [8],  they  refuted  this  opinion  and  described  plastein  as  a  substance  consisting 
of  open  polypeptides  with  36-100  amino  acid  residues.  Gavrilov  et  al.  [16],  on  observing  the  simultaneous  de¬ 
crease  of  amine  nitrogen  and  the  intensity  of  light  absorption  by  copper  complexes  during  plastein  formation, 
considered  that  plastein  synthesis  is  accompanied  by  cyclization  to  form  diketopiperazines. 

Having  available  data  on  the  molecular  weight  of  plasteins  [12],  we  undertook  an  investigation  to  compare 
plasteins  with  the  mother  proteins  by  electrophoresis  by  Tiselius’s  method  [17],  with  paper  [18]  and  by  electro¬ 
reduction  [19]  in  combination  with  spectrophotometry  and  determinations  of  the  copper  numbers  [20].  The 
properties  of  the  plasteins  and  the  mother  proteins  were  also  characterized  by  determinations  of  the  amine  nitro¬ 
gen,  relative  viscosity  of  solutions  and  titration  numbers  [21]  and  also  by  determining  the  toxic  and  anaphylacto- 
genic  properties  in  experiments  on  animals  [22].  As  mother  proteins  for  the  synthesis  of  plasteins,  we  chose  two 
proteins  which  are  widely  distributed  in  the  animal  world  and  differ  strongly  in  purpose  and  properties  and  these 
were  water -insoluble,  inhomogeneous  casein  and  soluble,  homogeneous  human  serum  albumin.  Some  parts  of 
the  casein  and  the  albumin  were  hydrolyzed  with  the  juice  of  the  mucosa  of  hog  stomachs,  others  with  pepsin 
and  the  third  set  with  hydrochloric  acid  at  pH  1.7  by  Perov’s  method  [21].  The  plasteins  were  synthesized  under 
the  action  of  natural  gastric  juice  of  the  dog  and  under  the  action  of  pure  pepsin. 
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Electrophoresis  experiments  showed  the  existence 
of  great  differences  in  the  properties  of  the  plasteins, 
the  original  hydrolyzates  and  the  mother  proteins. 
Especially  great  differences  were  found  in  the  properties 
of  plastein  and  casein.  Plasteins  synthesized  from  hy¬ 
drolyzates  of  the  inhomogeneous  protein  casein  ( Fig.  1  ,a 
and  b;  Fig.  2, a  and  b)  were  found  to  be  electrophoreti- 
cally  homogeneous  (Fig.  2,f,  g  and  h)  and  have  a 
higher  electrophoretic  mobility  than  the  mother  protein 
(Table  1).  On  electrophoresis,  a  mixture  of  casein  and 
plastein  separated  into  three  fractions  (Fig.  2,i),  which 
corresponded  to  two  casein  fractions  and  one  plastein 
fraction.  The  plasteins  hrom  casein  were  consequently 
new  substances  and  not  one  of  its  fractions. 

The  plastein  from  serum  albumin  was  also  elec- 
trophoretically  homogeneous  (Fig.  3,d),  but  since  the 
original  protein  was  homogeneous  (Fig.  3, a  and  b).  the 
difference  in  their  electrophoregrams  showed  only  in  the  width  of  the  peaks.  The  electrophoretic  mobility  of 
this  plastein,  like  that  of  the  plastein  from  casein,  also  exceeded  that  of  the  original  protein  (Table  1). 

Electrophoresis  on  paper  supplemented  the  characterization  of  the  propenies  of  plasteins.  When  the  elec- 
were  developed,  the  plasteins  gave  as  good  a  color  as  the  mother  proteins.  The  hydrolyzates 
showed  no  color  at  all.  At  pH  8.6,  the  spots  of  plasteins  did  not  move,  apparently  due  to  their  lower  solubility 
than  the  mother  proteins.  Experiments  at  pH  11.0  confirmed  data  from  Tiselius  electrophoresis  on  the  number 
of  fractions  of  albumin  and  casein  and  the  homogeneity  of  the  plastein  from  casein.  The  spot  of  the  plastein 
from  soluble  protein  albumin  remained  immobile  at  this  pH  also,  clearly  indicating  the  difference  in  the  prop¬ 
erties  of  the  plasteins  from  different  proteins. 

Determination  of  the  titration  numbers  also  showed  certain  differences  in  the  properties  of  the  plasteins. 

The  plastein  obtained  from  the  more  acid  protein  casein  reacted  with  a  larger  amount  of  alkali  than  the  plastein 
from  albumin.  The  acid  function  of  the  plasteins,  consequently,  depended  directly  on  the  properties  of  the 


Fig.  1.  Electrophoregrams  (rise  in  boundaries). 
Electrophoresis  at  pH  8.6.  a)  Casein  according 
to  Hammarsten,  b)  casein  according  to  Perov, 
c)  plastein  from  casein. 


TABLE  1 


Electrophoretic  Properties  of  Plasteins 


pH  of 

No.  of 

Content  (in  %) 

EP -mobility,  in 
cmVvolt  •  sec  •10“® 

Substance  investigated 

buffer 

solution 

fractions 

1st 

2nd 

1st 

2nd 

fraction 

fraction 

fraction 

fraction 

Casein  according  to  H.* 

) 

[  8.6 

2 

68.9 

31.1 

5.84 

3.96 

Casein  according  to  P.*  * 

J 

2 

64.1 

35.9 

5.95 

4.16 

Casein  according  to  H.* 

2 

61.6 

38.4 

7.47 

5.68 

Casein  according  to  P.*  * 

2 

67.8 

32.2 

7.33 

5.55 

Plasteins 

a)  from  enzyme hydrolyzate 
of  casein- 

Homo- 

— 

— 

9.48 

11.0 

geneous 

b)  the  same,  2nd  precip. 

c)  from  acidhydrolyzate 
of  casein* 

The  same 

— 

— 

•9.70 

»  » 

— 

— 

9.51 

d)  from  enz^i^ehydrolyzdte 
of  casern^  * 

»  » 

— 

— 

9.53 

Albumin 

8.6 

»  » 

_ 

_ 

5.68 

The  same 

1 

1  11.0 

»  » 

_ 

— 

8  87 

Plastein  from  albumin 

»  » 

— 

— 

9.11 

•According  to  Hammarsten. 
•  ‘According  to  Perov. 
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Fig.  2.  Electiophoregrams  (rise  in  boundaries).  Electrophoresis  at  pH  11.0. 
a)  Casein  according  to  Hammarsten,  b)  casein  according  to  Perov, 
c)  casein  hydrolyzate,  d)  hydrolyzate  after  plastein  formation,  e)  casein 
after  electroreduction.  Plasteins:  f)  from  enzyme  hydrolyzate  of  casein, 
g)  2nd  precipitation,  h)  from  acid  hydrolyzate  of  casein,  i)  mixture  of 
plastein  hrom  casein  with  original  protein. 


Fig.  3.  Electrophoregrams  (rise  in  boundaries).  Electrophoresis 
at  pH  11.0.  a)  Serum  albumin  (EP  at  pH  8.6),  b)  the  same, 
c)  albumin  hydro lyzates,  d)  plastein  from  albumin. 


mother  proteins.  (As  shown  above,  with  solubility  there  was  an  inverse  dependence).  The  titration  numbers  of 
the  plasteins  were  higher  than  the  titration  numbers  of  the  mother  proteins;  this  apparently  explains  their  greater 
electrophoretic  mobility. 

The  synthesis  of  plastein  stopped  when  there  was  a  considerable  amount  of  externally  unchanged  hydroly¬ 
zate.  After  removal  of  the  plastein  formed,  concentration  of  the  hydrolyzate  and  the  addition  of  fresh  enzyme 
to  it  again  formed  plasteins,  which  were  designated  second  precipitation  plasteins.  We  also  prepared  such  a 
plastein  (hrom  casein)  and  investigated  it.  According  to  the  character  of  the  electrophoregrams  (Fig.  2,g)  and 
the  value  of  the  electrophoretic  mobility  (Table  1),  it  was  the  same  as  the  first  precipitation  plastein. 
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TABLE  2 


Relative  Extent  of  Plastein  Synthesis 


Amine  nitrogen  by  Van  Slyke  method, 

3  minute  determination  (in  %  of  total) 

Cleavage 
of  protein 

Amine  acid 

Percent 

mother 

proteins 

1  hydrolyzates 

residues 
in  hydrol. 
peptide 

plastein 

enzyme 

acid 

plasteins 

(in  %) 

1 

synthesis 

0.73 

14.03 

Albumin 

1  (5.43  1 

1  13.38 

7 

57.60 

2.94  1 

9.30  1 

Casein 
3.02  1 

7.31  1 

1(5  1 

98.74 

TABLE  3 

Amine  Nitrogen  Content  in  %  of  Total  Nitrogen 


Hydrolyzates 

1  Plasteins 

Name  of 
mother  proteins 

Original 

proteins 

enzyme 

acid 

from  enzyme 
hydrolyzates 

from  acid 
hydrolyzates 

Duration  of  determinations  (in  min.) 


3 

15 

3 

15 

3 

15 

3 

15  * 

3 

Casein 

Albumin 

2.94 

0.73 

6.19 

8.34 

11.14 

14.05 

14.03 

24.10 

9.30 

16.48 

21.82 

2.94 

6.43 

6.18 

12.15 

3.02 

Plasteins  may  be  synthesized  from  hydrolyzates  with  various  degrees  of  cleavage.  Vlrtanen  et  al.  [8] 
found  that  the  size  of  the  hydrolyzate  particles  affected  the  yield  of  plasteins.  We  observed  greater  relative 
synthesis  of  plasteins  in  hydrolyzates  with  larger  peptides  (Table  2).  At  the  same  time,  plasteins  from  enzyme 
and  acid  hydrolyzates  did  not  differ  electrophoretically  (Fig.  2,f  and  h)  or  in  other  properties.  Apparently,  the 
length  of  the  hydrolyzate  peptides  only  affected  the  plastein  formation  process  from  the  quantitative  point  of 
view. 


V.  V.  Zav’yalov  [2]  considered  the  existence  of  soluble  forms  of  plastein  possible.  Electrophoresis  of  that 
part  of  the  hydrolyzate  which  remained  after  the  first  plastein  formation,  after  separation  of  the  plastein  precip¬ 
itate,  gave  an  electrophoregram  (Fig.  2,d)  which  did  not  differ  in  any  way  from  electrophoregrams  of  the 
normal  hydrolyzate  (Fig.  2,c).  The  existence  of  soluble  plasteins  was  not  confirmed  by  this  experiment. 

Investigation  of  plastein  by  electroreduction  [19]  showed  that  like  the  original  protein  it  also  contained 
nitrogen  of  cyclic  forms  of  bonds,  but  in  a  smaller  amount  (16.28%  in  the  plasteins  with  respect  to  the  total 
nitrogen  and  22.88%  in  the  original  protein).  From  these  data  and  data  on  the  content  of  a-amino  nitrogen 
(results  of  formol  titration  of  complete  hydrolyzates)  and  ammonia  nitrogen,  we  calculated  [23]  that  for  each 
cyclic  two  amino  acid  anhydride  (diketopiperazine)  in  the  plastein  monomer  there  were  6.7  amino  acids  of  peptide 
chains  and  for  each  cyclic  anhydride  of  the  original  protein  monomer  there  were  only  4.3  amino  acids  of  peptide 
chains.  Consequently  the  structure  of  the  plastein  differed  from  that  of  the  original  protein.  The  peptide  chains 
of  the  plastein  were  evidently  longer. 

Spectrophotometry  of  solutions  of  copper  complexes  of  plasteins  and  original  proteins  of  casein  and  serum 
albumin  showed  (Figs.  4  and  5)  that  in  contrast  to  those  of  the  original  proteins,  the  absorption  maxima  of  the 
plasteins  were  in  the  shorter  wave  part  of  the  visible  spectrum.  By  determining  the  copper  numbers  it  was  found 
that  those  of  the  plasteins  had  higher  values  than  those  of  the  mother  proteins.  According  to  an  investigation  of 
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Fig.  4.  Spectrophotometric  curves  of 
copper  complexes.  Plasteins:  1)  from 
enzyme  hydrolyzate  of  casein  accord¬ 
ing  to  Hammarsten,  la)  from  enzyme 
hydrolyzate  of  casein  according  to 
Perov,  2)  from  acid  hydrolyzate  of 
casein,  3)  casein  according  to  Hammar 
sten,  4)  casein  hydrolyzate. 


a  mixture  of  peptides  [28],  such  a  distribution  of  the  light 
absorption  maxima  and  the  copper  numbers  of  the  plasteins 
and  mother  proteins  indicated  that  the  peptide  chains  of  the 
plasteins  were  longer,  which  agreed  with  calculations  from 
electroreduction  data. 

EXPERIMENTAL 

1.  Original  Proteins.  Casein  was  obtained  by  two 
methods,  by  Hammarsten's  method  and  by  Perov's  method 
from  separated  milk.  In  the  preparation  according  to  the 
latter  method,  the  protein  concentrate  after  the  first  precipi¬ 
tation  (10%  CH3COOH)  was  kept  for  30  days  in  an  alcohol  — 
ether  mixture  and  then  subjected  to  8  (or  12)  reprecipitations 
at  pH  4.7  with  10%  HCl  from  alkali  solution.  Water  was  re¬ 
moved  from  the  proteins  with  alcohol  and  alcohol  with  ether. 
The  nitrogen  content  (by  the  Kjeldahl  method)  of  different 
casein  preparations  obtained  by  the  first  method  was  15.51- 
15.90%  and  by  the  second  method,  15.46-15.67%.  The  blood 
serum  (donor)  albumin  contained  15.86%  of  nitrogen. 

2.  Hydrolysis  of  Original  Proteins,  a)  Tnzyme.  Casein 
was  hydrolyzed  by  commercial  gastric  juice  at  pH  1.7  for  3 
days;  the  protein  concentration  was  4%,  the  temperature  40* 
and  the  antiseptic,  toluene.  Albumin  was  hydrolyzed  with 
high  activity  pepsin. 


b)  Acid  hydrolysis.  This  was  carried  out  by  Perov's 
method  with  certain  changes.  27o  alkali  solutions  (pH  7-8) 
were  adjusted  to  pH  1.7  with  cone.  HCl.  The  solutions  were 
boiled  under  reflux  for  10  hours  and  then  the  hydrolyzates 
were  neutralized  to  the  isoelectric  pH  of  the  protein.  The  un¬ 
changed  protein  residues  were  removed  by  filtration  and  the 
filtrates  concentrated  under  vacuum  at  50“  to  a  concentration 
of  30-40%.  Some  of  the  hydrolyzates  were  dried  in  vacuum  at 
30*.  Plasteins  synthesized  from  concentrated  and  dried  hydroly¬ 
zates  were  identical  in  properties. 

3.  Synthesis  of  Plasteins.  The  hydrolyzates  were  mixed 
with  fresh,  natural  dog  gastric  juice  in  a  volume  ratio  of  3;  1 
and  0.1  N  HCl  added  to  adjust  the  pH  to  4.8-5.0  followed  by 
toluene  (antiseptic).  The  mixture  was  kept  at  40*  for  3  days. 
Most  of  the  experiments  on  the  synthesis  of  plasteins  from  al¬ 
bumin  hydrolyzate  were  carried  out  with  a  solution  of  highly 
active  pepsin.  In  all  cases  precipitates  of  plasteins  began  to 
form  after  30-40  minutes.  The  plastein  from  casein  hydroly¬ 
zate  precipitated  on  the  bottom  of  the  vessel,  but  in  the  albumin 
hydrolyzate,  it  remained  in  a  suspended  state.  Precipitates 
were  not  formed  in  control  experiments  without  enzyme.  At 
the  end  of  the  experiment,  the  plasteins  were  isolated  by  filtra¬ 
tion  and  washed  with  water  on  the  filter  until  the  filtrate  gave  no  reaction  with  CCI3COOH.  It  was  very  difficult 
to  isolate  the  plastein  from  the  albumin  hydrolyzate:  the  plastein  clogged  the  filter.  The  water  was  removed 
from  the  plasteins  with  alcohol  and  the  alcohol  with  ether.  The  nitrogen  content  (by  the  Kjeldahl  method)  of 
different  batches  of  plasteins  obtained  a)  from  enzyme  hydrolyzate  of  casein  by  Hammarsten's  method  was 
14.16-15.03%,  b)  from  the  acid  hydrolyzate  of  this  protein,  14.16%,  from  the  enzyme  hydrolyzate  of  casein  by 
Perov's  method,  14.47-14.55%  and  from  the  enzyme  hydrolyzate  of  albumin,  14.93-15.47%. 


Fig.  5.  Spectrophotometric  curves  of 
copper  complexes.  1)  Plastein  from 
enzyme  hydrolyzate  of  albumin, 

2)  plastein  from  acid  hydrolyzate  of 
albumin,  3)  albumin,  4)  albumin  hy¬ 
drolyzate. 
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For  the  second  precipitation  of  plastein,  the  hydrolyzate  from  the  first  precipitation  was  inactivated  by 
30  minutes  heating  on  a  water  bath,  filtered  and  concentrated  to  30>40'7o  and  then  fresh  dog  gastric  juice  was 
added.  The  nitrogen  content  of  the  second  precipitation  plasteins  was  14.5670.  The  hydrolysis  of  the  original 
proteins  and  the  synthesis  of  plasteins  were  accompanied  by  the  following  changes  in  amine  nitrogen  (deter¬ 
mined  by  the  Van  Slyke  method  in  the  apparatus  of  P.  G.  loanisiani  [24],  where  a  3  minute  determination  equals 
a  5  minute  one  and  a  15  minute  determination  equals  a  30  minute  one  by  the  classical  method).  The  results 
are  given  in  Table  3.  These  show  that  the  amino  nitrogen  of  the  plasteins  from  casein  approximately  equalled 
the  amine  nitrogen  of  the  original  proteins,  while  that  of  the  plastein  from  albumin  was  considerably  greater 
than  that  of  the  original  protein. 

De^ce  of  Cleavage  of  Mother  Proteins  and  Extent  of  Plastein  Synthesis.  The  calculations  were  carried 
out  from  data  on  the  amine  nitrogen  content  (with  respect  to  the  total)  according  to  the  scheme  presented  in 
paper  [13].  Taking  the  nitrogen  of  the  mother  protein  as  1007o,  we  calculated  the  amino  nitrogen  content 
present  as  the  nitrogen  (A)  of  its  peptide  chains.  The  difference  between  the  amine  nitrogen  of  the  hydrolyzate 
and  the  protein  gave  the  nitrogen  (B)  exposed  in  the  hydrolysis  of  the  peptide  chains;  the  ratio  B/A«  100  gave  the 
percentage  cleavage.  From  the  latter  we  found  the  average  length  of  the  hydrolysis  peptides  in  amino  acid 
residues.  By  subtraction  of  the  amino  nitrogen  of  the  mother  protein  from  the  amino  nitrogen  of  the  plastein, 
we  found  the  nitrogen  (C)  of  the  peptide  bonds  of  the  hydrolyzate  remaining  open  during  plastein  synthesis. 

From  the  difference  B  —  C  we  found  the  nitrogen  (D)  blocked  during  the  synthesis  of  the  peptide  bonds.  From 
the  ratio  D/B«100  we  calculated  the  relative  extent  of  plastein  synthesis. 

4.  Titration  Number  (amount  of  0.1  N  NaOH  in  ml  required  for  titrating  1  g  of  protein  to  phenolphthalein). 
With  casein,  the  original  protein  showed  an  acid  reaction.  The  number  of  COOH  groups  in  this  protein  to  Nf^ 
groups,  according  to  data  from  the  tables  of  Gorovits  ,  is  129: 102  =  1.26,  a  higher  number  than  in  other  proteins. 
In  this  connection,  the  determination  of  the  titration  numbers  was  of  particular  interest.  Samples  of  the  sub¬ 
stances  investigated,  weighing  0.1 -0.3  g  were  dissolved  in  excess  0.1  N  NaOH  and  the  excess  titrated  with  0.1 
N  HCl.  The  titration  numbers  found  (average)  were  as  follows:  plasteins  from  casein  by  Hammarsten's  method  — 
11.70;  mother  protein  —  9.30;  plastein  from  casein  by  Perov's  method  —  11.67,  mother  protein  —  9.19;  plastein 
from  albumin  —  8.50,  mother  protein  —  6.80. 

6,  Electrophoresis  by  Tiselius*  Method  was  carried  out  at  pH  11.0.  This  was  determined  by  the  fact  that 
on  dialysis  against  the  most  accepted  veronal  buffer  solution  with  pH  8.6,  the  olasteins  were  almost  completely 
precipitated.  At  the  same  time,  we  demonstrated  that  the  high  alkalinity  of  the  buffer  solution  did  not  affect 
the  electrophoretic  properties  of  the  substances  investigated:  both  at  pH  8.6  and  at  pH  11,0  casein  and  albumin 
gave  analogous  electrophoregrams  (Figs.  l-3,a  and  b). 

Solutions  of  Preparations  and  Their  Dialysis.  The  concentration  of  the  solutions  was  2.57o.  For  electro¬ 
phoresis  at  pH  8.6,  samples  of  plastein,  original  protein  and  hydrolyzate  (freeze -dried)  were  dissolved  in  buffer 
solution  or  0.757o  NajCOs.  For  electrophoresis  at  pH  11.0,  samples  of  these  substances  were  mixed  with  9  ml  of 
buffer  solution,  47o  NaOH  added  to  the  mixture  until  the  solid  dissolved  (about  0.5  ml)  and  the  solution  diluted 
to  10  ml  with  1^0.  The  solutions  were  dialyzed  in  cellophane  bags  against  buffer  solutions  at  2-3®  for  three 
days  with  the  buffer  solution  changed  twice  a  day.  At  the  end  of  the  dialysis  and  before  electrophoresis,  the 
solutions  were  centrifuged  at  12,000 rev/min.  Considering  the  low  molecular  weight  of  the  plastein,  its  per¬ 
meation  through  the  cellophane  was  checked  during  the  dialysis.  The  total  nitrogen  of  the  dialyzed  plastein 
was  94.267o  of  the  nitrogen  of  the  undialyzed  material.  The  original  protein  gave  a  corresponding  value  of 
98.937<».  Allowing  for  the  difficulty  of  washing  the  plastein  from  the  cellophane  film,  none  of  it  was  lost  during 
dialysis. 

EP  Conditions  and  Results.  The  electrophoresis  was  carried  out  in  an  analytical  cell  of  a  Tiselius  apparatus 
at  2-3®  with  a  current  strength  of  8  ma  ,  voltages  of  70  and  80  volts  and  an  experiment  duration  of  3-4  hours. 

We  photographed  the  original  position  of  the  boundaries  (rise  and  fall)  and  the  position  after  two  hours  and  at  the 
end  of  the  experiment.  Electrophoregrams  from  electrophoresis  at  pH  8.6  and  11.0  are  presented  in  Figs.  1-3, 

The  electrophoretic  mobility  was  calculated  by  the  method  presented  in  paper  [25].  From  determinations  of  the 
resistance  of  the  dialyzed  solution  (on  a  Phillips  b'^idge  with  "magic  eye")  we  calculated  the  specific  conductivity 
from  the  current  strength  and  the  cross-sectional  area  of  the  cell  (q  =  0.32  cm*),  the  field  strength  was  calculated 
and  from  the  rate  of  movement  of  the  peaks  and  the  photographic  coefficient,  (q  =  1)  the  electrophoretic  mobility 
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was  obtained  in  cmVvolfsec  •  10"®.  The  results  are  presented  in  Table  1.  The  percent  content  of  the  fractions 
was  found  by  measuring  the  area  of  the  peaks  with  a  planimeter  and  the  results  are  given  in  the  same  table. 

6.  Electrophoresis  on  Paper.  Buffer  solutions:  1)  55.23  g  of  veronal  was  dissolved  in  650  ml  of  0.4  N 
NaOH,  the  solution  diluted  to  3  liters  with  water  and  adjusted  to  pH  8.6  with  acid  or  alkali  as  required;  2)  the 
same  amount  of  veronal,  0.4  N  NaOH  and  water  was  adjusted  to  pH  11.0  with  alkali.  Chromatographic  paper 
was  used  in  the  form  of  30  X  3  cm  strips  with  the  working  area  20  cm  long.  Portions  (0.02  ml)  of  3%  solutions 
of  the  substances  investigated  were  put  onto  the  paper  strips.  An  experiment  lasted  for  18  hours  in  a  closed 
chamber  at  room  temperature.  The  potential  was  5  /cm  and  the  current  strength  0.2  ma  / cm  of  the  cross- 
section  of  the  paper.  The  developer  was  bromophenol  blue  in  mercuric  chloride  -  acetic  acid  solution.  An 
interesting  rule  was  observed  for  casein  at  pH  8.6  in  all  experiments:  the  front  fraction  separated  into  three 
longitudinal  bands  which  were  always  of  constant  size. 

7.  Spectrophotometry  of  Copper-Complex  Solutions.  A  precipitate  of  CufOHjj  was  prepared  by  the  action 
of  5*70  NaOH  on  10%  CuSQi  solution;  it  was  washed  carefully  with  water.  To  0.25  g  of  the  substance  investigated 
(plastein,  original  protein  or  freeze-dried  hydrolyzate)  were  added  0.5  ml  (excess)  of  an  aqueous  suspension  of 
Cu(OH)2  0*5  nil  of  2%  NaOH  with  stirring  and  the  solution  diluted  to  10  ml  with  water.  The  control  (without 
protein)  was  prepared  in  the  same  order.  The  solution  was  kept  at  room  temperature  for  3  hours  and  then  centri¬ 
fuged.  The  light-absorption  curves  were  plotted  on  an  SF-17  spectrophotometer.  The  results  obtained  are  pre¬ 
sented  in  Fig.  4. 

8.  Copper  Numbers  (number  of  grams  of  protein  combining  with  1  g-atom  of  Cu).  0.2  g  of  the  substance 
investigated  was  dissolved  in  25  ml  of  2%  NaOH  and  10  ml  of  2%  CuCl2.  10  ml  of  the  centrifuged  solution  was 
digested  by  the  Kjeldahl  method  in  a  mixture  of  3  ml  of  cone.  H2SO4  and  0.1  g  of  K2SO4,  the  mixture  diluted 
to  50  ml  with  water  and  the  copper  determined  iodometrlcally.  The  copper  number  of  the  plastein  from  casein 
was  603  g  and  of  the  plastein  from  albumin,  496  g.  The  original  proteins  had  the  following  copper  numbers 
[20]:  casein  568  and  albumin  458. 


DISCUSSION  OF  RESULTS 

As  was  established  previously  and  as  our  investigations  showed,  plasteins  differed  very  considerably  from 
the  mother  proteins  in  many  properties.  The  presence  of  cyclic  forms  of  links  in  the  plasteins  was  indicated  by 
the  fact  that  they  were  not  similar  to  the  amino  acid  polymers  obtained  by  the  action  of  enzymes.  In  this  respect 
it  is  quite  evident  that  they  were  not  similar  to  thequasi-protelnssynthesized  by  Bresler  et  al.  [13]  by  the  action 
of  enzymes  on  enzyme  protein  hydrolyzates  at  high  pressure.  Plasteins  are  peculiar  proteinaceous  substances, 
namely  amino  acid  anhydrides  with  a  peptido-piperazine  structure.  The  greatest  peculiarity  of  these  substances 
appeared,  for  example,  in  experiments  on  animals  [22].  On  internal  administration,  the  plastein  from  casein 
showed  an  incomparably  greater  toxic  action  than  its  mother  protein.  It  is  interesting  to  note  that  during  hydroly¬ 
sis  with  boiling  water,  the  plastein  lost  its  toxic  properties. 

From  our  investigations  we  can  surmise  the  following  as  regards  the  mechanism  of  plastein  synthesis.  As 
was  established  [26],  in  the  initial  stage  of  hydrolysis  protein  is  depolymerized  and  broken  down  into  relatively 
coarse  particles,  monomers,  which  undergo  further  hydrolysis  to  lose  a  certain  amount  of  cyclic  anhydrides  and 
are  converted  into  piperazine  peptides  with  a  molecular  weight  of  about  1000.  Considering  the  peculiarity  of  the 
properties  of  plasteins  and  their  low  molecular  weight  [12],  it  can  be  considered  that  in  plastein  formation  from 
piperazine  peptides  the  hydrolyzate  under  enzyme  action,plastein  monomers  are  synthesized  with  a  smaller 
number  of  cyclic  anhydrides  and  longer  peptide  chains  than  in  the  original  protein.  This  apparently  explains 
the  observed  lower  nitrogen  content  of  the  plasteins  than  that  of  the  mother  proteins.  A  difference  of  approxi¬ 
mately  1%  (of  the  15-16%  total  nitrogen  of  the  mother  proteins)  represents  about  6%  nitrogen  of  the  rings  elimi¬ 
nated  during  hydrolysis.  The  monomers  then  undergo  relatively  slight  polymerization,  which  then  completes 
the  formation  of  the  plasteins,  which  are  insoluble  in  water,  have  a  low  molecular  weight  (about  6000),  are 
more  acid  than  the  mother  proteins,  are  electrophoretically  homogeneous  and  lack  the  specific  properties  of 
proteinaceous  materials.  If  in  plasteins  there  exists  one  of  the  microstructures  of  protein,  proposed  by  one  of 
us  [27],  the  formation  of  a  plastein  of  this  structure  may  be  explained  by  the  elimination  from  that  part  of  the 
diketopiperazine  that  is  surrounded  by  a  dotted  line  in  the  scheme. 
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SUMMARY 

1.  Plastelns  were  synthesized  by  Danilevskll’s  method  from  enzyme  and  acid  hydrolyzatet  of  two  varieties 
of  casein  and  human  serum  albumin.  Ttieir  properties  were  characterized  by  electrophoresis,  electroreduction, 
spectrophotometry  and  determination  of  the  copper  and  titration  numbers. 

2.  The  plastelns  differed  considerably  in  their  properties  from  the  mother  proteins.  The  protelnlike 
substances,  plastelns,  are  comparatively  low-molecular  weight,  electrophoretically  homogeneous  amino  acid 
anhydrides  with  a  peptido-cyclic  structure,  having  longer  peptide  chains  and  a  smaller  number  of  cyclic  forms 
of  amino  acid  links  than  the  original  proteins. 

3.  The  synthesis  of  plastelns  is  not  a  simple  reversal  of  the  hydrolysis  reaction.  The  hydrolysis  and  sub¬ 
sequent  synthesis  is  accompanied  by  considerable  rearrangement  of  the  protein  structure.  The  peculiarity  of  the 
properties  of  plastelns  is  the  result  of  this  rearrangement. 
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ALLYL  ESTERS  OF  SOME  ALKANE-,  ALKENE-  AND  CHLORO- 
A  LKANEPHOSPHINIC  ACIDS 

L.  Z.  Soborovskii  and  Yu.  M.  Zinov’ev 


Allyl  esters  of  alkanephosphinic  acids  have  a  certain  value  as  starting  materials  for  the  preparation  of 
polymeric  materials.  Esters  of  various  alkane-  and  alkenephosphinic  acids  were  obtained  by  the  action  of  allyl 
alcohol  on  the  acid  chlorides  of  appropriate  phosphinic  acids  [1,  2]  or  by  the  Arbuzov  method  from  triallyl 
phosphite  and  alkyl  halides  [3].  The  allyl  ester  of  octanephosphinic  acid  was  obtained  by  the  reaction  of  the 
free  acid  and  allyl  alcohol  in  boiling  toluene  in  the  presence  of  1.3*70  of  para-toluenesulfonic  acid  [4].  Kamai 
and  Kukhtin  [5]  and  also  Toy  and  Ratenberg  [6]  described  allyl  esters  of  chloroalkanephosphinic  acids. 

In  the  present  work  we  synthesized  allyl  esters  of  certain  alkane-,  alkene-  and  chloroalkanephosphinic 
acids,  starting  from  the  diacid  chlorides  of  the  appropriate  acids,  obtained  by  oxidative  chlorophosphination  of 
paraffin  and  olefin  hydrocarbons  (heptane,  cyclohexane,  propylene  and  butene-1). 

Since  certain  diacid  chlorides  obtainable  by  this  method  are  mixtures  of  isomeric  compounds,  then  the 
esters  synthesized  from  them  also  consist  of  isomers,  differing  in  the  position  of  the  phosphorus -containing  residue 
in  the  hydrocarbon  radical  [7,  8]. 

In  addition,  dehydrochlorination  of  the  acid  chloride  of  chloropropanephosphinic  acid  yielded  the  acid 
chloride  of  propenephosphinic  acid,  which  was  then  converted  into  the  allyl  ester  of  propenephosphinic  acid  (the 
latter  may  have  contained  traces  of  isomeric  compounds). 

The  properties  of  the  compounds  sy  nthesized  are  presented  in  the  table. 

EXPERIMENTAL 

1.  Diallyl  Heptanephosphinate  (I).  Over  a  period  of  2.5  hours,  36.1  g  (0.165  mole)  of  heptanephosphinyl 
chloride  [7]  was  added  to  a  mixture  of  19.3  g  (0.33  mole)  of  allyl  alcohol  and  26.3  g  (0.33  mole)  of  pyridine 

at  0-5*.  After  1  hour,  10  ml  of  water  was  added  to  the  reaction  mixture  and  the  organic  layer  separated,  washed 
with  3%  NaOH  solution  in  \QPh>  NaCl  solution,  dried  in  vacuum  (3  mm)  with  heating  on  a  water  bath  and  vacuum 
distilled.  We  isolated  14.1  g  of  material. 

Found  C  59.26,  59.09;  H  9.03,  9.24.  C13H25O3P.  Calculated  %:  C  59.95;  H  9.60. 

2.  Diallyl  Cyclohexanephosphinate  (II).  Under  the  conditions  of  experiment  1,  from  19.3  g(0.33  mole) 
of  allyl  alcohol  and  33.5  g  (0.165  mole)  of  cyclohexanephosphinyl  chloride  [7]  we  obtained  8.9  g  of  material. 

Found  *70:  C  58.30,  58.26;  H  9.37,  9.56.  C12H21O3P.  Calculated  C  58.98;  H  8.65. 

3.  Diallyl  Chloropropanephosphinate  (III).  At  5*  97.7  g(0.5  mole)  of  chloropropanephosphinyl  chloride 
was  gradually  added  to  a  mixture  of  equimolecular  amounts  of  allyl  alcohol  (58.0  g)  and  triethylamine  (101  g), 
dissolved  in  twice  the  volume  of  benzene.  The  precipitate  of  triethylamine  hydrochloride  was  removed,  the 
benzene  distilled  from  the  filtrate  and  the  residue  vacuum  distilled.  We  isolated  72  g  of  material. 

Found  C  45.22,  44.90;  H  6.17,  6.35;  P  13.73,  13.66.  C9H16O3CIP.  Calculated  C  45.27;  H  6.76; 

P  12.98. 

4.  Diallyl  Chlorobutanephosphinate  (IV).  Under  the  conditions  of  experiment  3,  from  21.0  g  (0.1  mole) 
of  chlorobutanephosphinyl  chloride  (mixture  of  isomers  formed  by  oxidative  chlorophosphination  of  butene-1 
[7,  8])  and  12.0  g  (0.2  mole)  of  allyl  alcohol  we  isolated  4.7  g  of  (IV). 
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Compound 

Boiling  point 

Formula  (pressure 

in  mm) 

d.“ 

Mlij,  j 

1  ^ 

0  s  «  S  9 

(I) 

C7H,6l>(0)(0C3lFg)2*  117-123°  (3) 

0.9986 

-  32.7 

(ID 

Colf„l'(0)(OC3HB)2**  130  (4) 

1.0549 

— 

— , 

-  22 

(HI) 

C3lloCllMO)(OC3H5)2*  113-115  (3) 

1.122 

1.4598 

59.2 

58.6  60 

(FV) 

C4IISCII'  0)(0C31Ib)2*  117-118  13) 

1.0980 

1.4618 

63.2 

63.22  18.6 

(V) 

C3Hr,D(0)(0C3H6)2***  98  (3.5) 

1.0375 

1.4558 

53.0 

53.23  54.8 

(V[) 

C3Fl5l‘(0)Cl2  75-77  (16) 

1.3343 

1.4815 

33.9 

33.65  50.7 

*  Mixtures  of  Isomers. 

*  *The  substance  has  been  described.  According  to  Toy  and  Cooper  [1]  It  has  b.p.  100-103*  (0.6  mm),  d*** 
1.0485,  n*®D  1.4734.  Castro  and  Elwell  [2)  report  data  close  to  those  we  found. 

*  *  *The  dlallyl  ester  of  allylphosphinic  acid  obtained  by  other  method  [5]  boiled  at  94-95*  (3  mm),  ds*®  1.0060, 
n*®D  1.4600. 

Found  %:  C  46.65,  47.02;  H  5.93,  6.42.  CjoHigOjClP.  Calculated  C  47.5;  H  7.1. 

6.  Dehydrochlorination  of  Chloropropanephosphinyl  Chloride.  Through  a  glass  tube  filled  with  activated 
charcoal  at  250-300*  was  passed  the  vapor  of  chloropropanephosphinyl  chloride.  The  system  was  maintained  at 
a  residual  pressure  of  50  mm.  The  liquid  draining  into  the  receiver  yielded  propenephosphinyl  chloride  (VI). 

Found  Cl  44.7,  44.9.  CjHgOClgP.  Calculated  Cl  44.9. 

6.  Diallyl  Propenephosphinate  (V).  16.4  g  (0.106  mole)  of  (VI)  was  added  at  -15"  to  a  6-fold  amount  of 
allyl  alcohol.  The  reaction  mixture  was  neutralized  with  calcined  soda,  the  precipitate  of  salts  removed,  the 
excess  allyl  alcohol  distilled  off  and  the  residue  vacuum  distilled.  We  isolated  11.7  g  of  material. 

Found  %:  C  53.70,  53.40;  H  7.90,  8.15.  C9H15O3P.  Calculated  C  53.46;  H  7.42. 

SUMMARY 

1.  For  the  preparation  of  diallyl  esters  of  alkane-  and  substituted  alkanephosphinic  acids  we  used  the  acid 
chlorides  of  these  acids,  formed  by  oxidative  chlorophosphination  of  appropriate  hydrocarbons  or  their  derivatives. 

2.  The  diallyl  esters  of  heptane-,  cyclohexane-,  chloropropane-,  chlorobutane-  and  propenephosphinic 
acids  were  synthesized. 
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SYNTHESIS  OF  T  R  lA  LK  Y  LG  E  R  M  A  N  lU  M  FLUORIDES 


B.  M.  Gladihtein,  V.  V.  Rode  and  L.  Z,  Soborovikli 


Trialkylgermanium  fluorides  were  obtained  previously  by  replacement  of  the  halogen  atom  by  fluorine 
In  trialkylgermanium  monohalides  [1]  and  also  by  cleavage  of  hexaalkyldigermoxanes  with  hydrogen  fluoride 
[2]. 

The  action  of  hydrogen  halides  on  tetramethylgermanlum  was  studied  by  Dennis  and  his  co-workers.  The 
authors  found  that  concentrated  hydrochloric  acid  did  not  react  with  tetramethylgermanlum  in  the  cold  [3] 
and  that  gaseous  hydrogen  bromide  removed  a  methyl  group  from  tetramethylgermanlum  only  under  the  catalytic 
action  of  anhydrous  aluminum  bromide  [4]. 

In  the  present  work  a  method  was  found  for  preparing  trialkylgermanium  fluoride  by  the  direct  action  of 
liquid  hydrogen  fluoride  on  tetraalkylgermanlum: 

GeR4  +  HF  -♦RjGeF  +  RH ,  where  R  =  CH8  and  C|H8 

The  reaction  proceeded  smoothly  under  mild  conditions  and  led  to  a  quantitative  yield  of  trialkylgerma¬ 
nium  monofluoride.  It  Is  possible  that  this  reaction  could  be  used  for  developing  a  quantitative  method  of  deter¬ 
mining  some  tetraalkylgermanlums. 

The  replacement  of  one  alkyl  group  by  fluorine  in  tetraalkylgermanlum  had  a  noticeable  effect  on  the 
properties  of  the  remaining  Ge— C  bonds.  Further  action  of  hydrogen  fluoride  on  trialkylgermanium  fluorides, 
even  under  more  drastic  conditions,  did  not  lead  to  removal  of  the  next  alkyl  groups.  Thus,  this  method  makes 
It  possible  to  synthesize  trialkylgermanium  fluorides  In  a  pure  form  without  traces  of  alkylgermanlum  dl-  and 
trlfluorldes,  which  makes  the  method  found  convenient  from  the  preparative  point  of  view. 

The  values  of  the  atomic  refraction  increments  of  germanium  for  trimethyl-  and  trlethylgermanlum 
fluorides  varied  Insignificantly  (8.35  and  8.28,  respectively). 

The  starting  tetraalkylgermanlums  were  prepared  by  organomagneslum  synthesis  from  germanium  tetra¬ 
chloride  and  the  appropriate  alkylmagnesium  halide.  The  preparation  of  tetramethylgermanlum  by  this  method 
In  dlbutyl  ether  under  the  conditions  we  found  led  to  a  practically  quantitative  yield.  It  should  be  noted  that 
dibutyl  ether  was  used  previously  for  the  synthesis  of  tetraalkylgermanlums  [5],  but  the  yield  of  the  latter  was 
Insignificant  under  the  conditions  used  by  the  authors. 

EXPERIMENTAL 

Tetramethylgermanlum.  A  solution  (1 : 1)  of  26.8  g  of  germanium  tetrachloride  in  absolute  dlbutyl  ether 
was  added  dropwise  to  methylmagnesium  bromide  (from  24  g  of  magnesium  and  105-110  g  of  methyl  bromide) 

In  300  ml  of  absolute  dlbutyl  ether  with  cooling  to  -10  to  -15*.  The  reaction  mixture  was  heated  for  8  hours 
on  a  boiling  water  bath.  It  was  decomposed  on  cooling  with  Ice-water  and  then  concentrated  sulfuric  acid 
was  added  until  the  precipitate  dissolved  completely.  The  ternary  mixture  of  tetramethylgermanlum,  dlbutyl 
ether  and  water  was  distilled  from  the  reaction  mixture  at  a  temperature  of  up  to  95*.  The  ether  layer  was 
separated,  dried  with  anhydrous  sodium  sulfate  and  separated  on  a  fractionating  column.  The  yield  was  15.5  g 
(95%). 

B.p.  42.5-43.0*  (753  mm),  n*®D  1.3871,  d**®  1.0064.  Literature  data:  b.p.  42.2*  (710  mm)  [7],  43.2* 

(760  mm)  [3],  43.4*  [6],  t/’*®D  1.3868,  d®  1.003,  1.009  [3]. 
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Trlmethylgermanium  Fluoride.  Into  a  copper  cylinder  cooled  with  solid  carbon  dioxide  and  fitted  with 
a  copper  reflux  condenser  was  placed  13  g  of  tetranicthylgermanluTn,and  10  g  of  hydrogen  fluoride  was  quickly 
poured  In.  The  reaction  began  at  a  temperature  of  -10  to  -15’  and  was  almost  complete  at  20-25’.  For  com¬ 
pletion,  the  reaction  mixture  was  heated  for  2-3  hours  on  a  water  bath  at  50-55*.  The  end  of  the  reaction  was 
determined  by  cessation  of  gas  evolution,  the  latter  being  collected  in  a  gasometer.  For  removal  of  excess 
hydrogen  fluoride,  the  reaction  mixture  was  treated  with  anhydrous  potassium  fluoride,  decanted  and  distilled. 

The  yield  was  9.6  g(71‘7o).  * 

B.p.  77-78’  (755  mm),  n*®D  1.3855,  d4*®  1.2114,  MRp  26.51;  calc.  18.16.  ARoe  8.35. 

Found  C  26.82,  27.33;  H  6.74,  6.79;  F  13.69,  14.16.  CaHpFGe.  Calculated  C  26.34;  H  6.57; 

F  13.81. 

Literature  data:  b.p.  76’  (746  mm),  n*®D  1.3863,  d**®  1.2300  [1]. 

The  gas  collected  in  the  gasometer  (95‘yo  yield)  was  condensed  and  Its  molecular  wei^t  determined. 

Found:  MW  16.57,  18.62.  CU^.  Calc.  MW  16.04. 

Triethylgetmanlum  Fluoride.  In  a  similar  way,  from  10  g  of  tetraethylgermanlum  •  and  6  g  of  hydrogen 
fluoride  we  obtained  6.5  g(7l7o)  of  trlethylgermanium  fluoride.  The  reaction  began  at  10-15’.  Over  a  period 
of  5  hours,  the  temperature  In  the  water  bath  was  raised  to  75-80*.  The  reaction  mixture  was  treated  analogously. 

B.p.  147-148’  (744  mm),  i/®D  1.4206,  d/®  1.1527,  MRq  39.30;  calc.  31.02.  ARq^  8.28. 

Literature  data;  b.p.  149.0*  (751  mm)  [2]. 

Ethane  (95*70  yield)  was  collected  in  the  gasometer. 

Found;  MW  30.63,  31.15.  CjH,  Calc.  MW  30.07. 

SUMMARY 

1.  A  method  was  found  for  synthesizing  trialkylgermanium  fluorides  by  the  action  of  hydrogen  fluoride 
on  tetraalkylgermanlums. 

2.  It  was  shown  that  tetramethylgermanium  could  be  obtained  in  high  yield  by  organomagnesium  synthesis 
in  dibutyl  ether  under  the  conditions  found. 
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NEW  ESTERS  OF  N -T  RIF  LUOROMET  H  Y  LC  ARB  A  MIC  ACID 


S.  P.  Motornyl,  L.  I.  Klrenskaya  and  N.  N.  Yarovenko 


According  to  literature  data  fluorinated  alkyl  isocyanates  have  a  high  reactivity  [1],  In  particular,  they 
react  readily  with  alcohols  and  phenols  with  the  formation  of  esters  of  N-perfluoroalkylcarbamic  acid. 

RpNCO  RyNHCOgCHa 

In  previous  communications  [2]  we  described  the  reactions  of  trifluoromethyl  isocyanate  with  hydrohalic 
acids  and  with  mercaptans.  Since  the  study  of  the  chemical  properties  of  alkyl  isocyanates  and  thehr  fluorinated 
derivatives  is  of  definite  interest,  in  the  {^resent  communication  we  describe  the  preparation  of  certain  new  esters 
of  N-trifluoromethylcarbamic  acid.  The  constants  and  analytical  data  for  the  new  compounds  prepared  are  pre¬ 
sented  in  the  table. 


EXPERIMENTAL 

Trifluoromethyl  isocyanate  reacted  with  the  usual  alcohols  with  strong  evolution  of  heat.  Therefore,  for 
the  most  part  we  reacted  equimolecular  amounts  of  trifluoromethyl  isocyanate  and  alcohol  in  a  sealed  glass 
ampule,  which  was  periodically  cooled  by  immersion  in  a  cooling  mixture  of  acetone  and  solid  carbon  dioxide 
(or  in  liquid  nitrogen).  The  ampule  was  then  opened  and  the  reaction  products  distilled  under  reduced  pressure. 
The  yield  of  pure  product  was  not  less  than  55%  and  in  separate  cases  it  was  70-85%. 

As  examples  we  describe  only  those  experiments  on  the  preparation  of  N-trifluoromethylcarbamates,  which 
are  typical. 

Ethyl  N-trifluoromethylcarbamate.  Into  a  glass  ampule  of  30  ml  capacity  was  placed  2.8  g  (0.06  mole) 
of  alcohol  and  with  cooling  in  liquid  nitrogen,  7  g  (0.063  mole)  of  trifluoromethyl  isocyanate  was  added.  After 
being  sealed,  the  ampule  was  heated  to  room  temperature,  when  the  reaction  proceeded  vigorously  and  required 
periodic  cooling  of  the  ampule.  The  ampules  were  opened  and  the  crystals  obtained  were  distilled  under  reduced 
pressure.  The  yield  was  8.0  g  (84%). 

6-Cyanoethyl  N-trifluoromethylcarbamate.  Into  a  glass  ampule  of  30  ml  capacity  was  placed  2.4  g 
(0.033  mole)  of  ethylene  cyanhydrin  and  4  g  (0.036  mole)  of  trifluoromethyl  isocyanate  was  added  with  the 
ampule  cooled  with  liquid  nitrogen.  After  being  sealed,  the  ampule  was  heated  to  room  temperature;  thereupon 
two  layers  of  liquid  formed.  When  shaken,  the  contents  of  the  ampule  heated  up  moderately  and  crystallized. 

At  the  end  of  the  reaction,  the  ampule  was  opened  and  the  solid  crystalline  substance  extracted.  The  yield  was 
4  g(66%). 

1,1,3-Trihydroperfluorobutyl  N-trifluoromethylcarbamate.  Into  a  glass  ampule  of  30  ml  capacity  was 
placed  5.5  g  (0.03  mole)  of  1,1,3-trihydroperfluorobutyl  alcohol,and  3.5  g  (0.031  mole)  of  trifluoromethyl  iso¬ 
cyanate  was  added  with  the  ampule  cooled  in  liquid  nitrogen.  After  being  sealed,  the  ampule  was  heated  to 
room  temperature,  when  the  reaction  proceeded  for  days  without  evolution  of  heat.  The  ampule  was  opened 
and  the  contents  distilled  under  reduced  pressure.  The  yield  was  6.5  g  (73%). 

Phenyl  N-trifluoromethylcarbamate.  Into  a  glass  ampule  of  30  ml  capacity  was  placed  2.3  g  (0.024  mole) 
of  phenol,  dissolved  in  3  ml  of  dry  ethyl  ether,  and  3  g  (0.027  mole)  of  trifluoromethyl  isocyanate  was  added  with 
the  ampule  cooled  in  liquid  nitrogen.  After  being  sealed,  the  ampule  was  heated  to  room  temperature,  when  the 


2122 


Melting  Boilingpoint 
point  (pressure 
un  mm) 


reaction  proceeded  for  days  without  the  evolution  of  heat.  The  ampule  was  opened,  the  ether  removed  and  the 
product  distilled  under  reduced  pressure.  The  yield  was  4.5  g(84‘%). 


SUMMARY 

A  series  of  new  esters  of  N -trifluoromethylcarbamic  acid  were  synthesized. 
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FLUORINATION  BY  MEANS  OF  a-F  LUORINAT  ED  AMINES 
N,  N.  Yarovenko  and  M.  A,  Raksha 

By  studying  the  chemical  properties  of  a-fluorinated  amines  we  found  new  methods  of  preparing  fluoro- 
organic  compounds. 

As  we  established,  cx-fluorinated  amines  of  the  type  RCF|NRt  react  with  alcohols  with  the  formation  of 
alkyl  fluorides.  The  reaction  proceeded  very  readily  on  simple  mixing  of  the  reagents  .with  alkyl  fluoride  yields 
of  up  to  66%. 


F.  CHFCl 


ROM 


R-0;\  CHFCl 
^M(C,H,), 


CHFCl 

N(C,Hj), 


Fluorinated  amines  of  the  type  RCFsNRc  reacted  analogously  with  carboxylic  acids,  their  salts  and  thio 
carboxylic  acids  with  the  formation  of  acid  fluorides  of  carboxylic  acids. 


F  CHFCl  ..^0 

"■'''OH 

F  NlCjHs)* 


0  CHFCl 
RC-d-C^ 


0  CHFCl 

RC^  > 


As  is  known,  the  hydrolysis  of  a-fluorinated  amines  yields  substituted  amides  of  fluorinated  carboxylic 
acids  [1,  2].  The  reactions  of  a-fluorinated  amines  with  hydrogen  sulfide  and  hydrogen  selenide  proceeded 
similarly.  This  formed  the  previously  unknown  dialkylamides  of  fluorinated  thiocarboxylic  and  selenocarboxylic 
acids. 


CIIFClCF2N(C2llr,)2  — ^  CHFCICSN(C2n5)2 

CIIF2CF2N(C2H5)2  CllF2CSN((:2ll5)2 

CIIF2CF2N(C2H5)2  ClIFgCSoNfGjlIj), 

The  great  lability  of  fluorine  atoms  in  an  a-position  to  nitrogen  and  the  ease  with  which  they  replace 
elements  of  group  6  may  be  explained  by  po -conjugation  [4]. 


-C--N.  and  -C-NC 

!•;  -  element 


The  fluorinated  amines  required  for  these  reactions  were  obtained  by  the  reaction  of  secondary  amines 
with  fluorinated  olefins  [2,  3].  Secondary  amines  added  to  trifluorochloroethylene  particularly  readily  (as  we 
showed,  on  simply  bubbling  trifluorochloroethylene  through  diethylamine). 
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(:Fo=(:f(;i  CHFCir.FgNCC^if).,, 

All  the  reactions  described  In  this  work  could  be  carried  out  In  normal  glass  apparatus. 

EXPERIMENTAL 

1,1,2,2-Tetrafluoroethyldlmethylamine.  Into  a  glass  ampule  of  250  ml  capacity  were  placed  4.5  g(0.1 
mole)  of  dimethylamine  and  10.0  g  (0.1  mole)  of  tetrafluoroethylene  with  cooling.  The  ampule  was  sealed, 
placed  in  a  beaker  with  carbon  dioxide  and  acetone,  cooled  to  -70*  and  left  for  15  hours,  when  the  mixture 
was  gradually  heated  to  room  temperature.  The  ampule  was  then  opened  and  the  reaction  products  distilled. 

The  yield  was  11.8  g  (81%).  The  b.p.  was  32*  (127  mm).  The  colorless  liquid  fumed  strongly  in  air. 

Found  %:  F  52.10.  C4H7NF4.  Calculated  %:  F  52.41. 

Dimethylamide  of  Difluoroacetic  Acid.  7.5  g  (0.051  mole)  of  1,1,2,2-tetrafluoroethyldimethylamine  was 
poured  in  small  portions  from  a  dropping  funnel  with  cooling  and  stirring  into  a  beaker  with  4.7  g  of  crushed 
ice.  To  the  liquid  obtained  was  added  10  ml  of  ether  and  the  ether  solution  separated,  dried  with  sodium  sulfate 
and  distilled.  The  yield  was  5.5  g  (957o).  In  contrast  to  the  diethylamide  of  difluoroacetic  acid,  the  product 
dissolved  in  water  very  readily. 

B.p.  61*  (29  mm),  n*®D  1.4012,  d4*®  1.2150. 

Found  %:  F  30.51.  C4H7ONFJ.  Calculated  %:  F  30.82. 

2-Chloro-l,l,2-trifluorotriethylamine.  In  a  Drechsel  bottle,  cooled  to  -5  to  -10*,  was  placed  40.0  g 
(0.56  mole)  of  diethylamine  and  over  a  period  of  10  hours  70.0  g  (0.06  mole)  of  well  dried  trifluorochloroethylene 
was  bubbled  through  it.  The  reaction  mixture  was  then  distilled  under  reduced  pressure.  The  yield  was  70.0  g 
(6170).  The  b.p.  was  33*  (6  mm).  According  to  data  in  [2]:  b.p.  32-33*  (6  mm). 

Dimethylamide  of  Difluoroselenoacetic  Acid.  In  a  Drechsel  bottle  fitted  with  a  thermometer  was  placed 
14.5  g  (0.1  mole)  of  1,1,2,2-tetrafluoroethyldimethylamine,  which  was  heated  to  40*  and  into  it  was  bubbled 
9  g(0.11  mole)  of  hydrogen  selenide  (obtained  by  the  reaction  of  aluminum  selenide  with  water).  The  reaction 
mixture  heated  up  to  70-100*.  The  color  of  the  liquid  gradually  became  orange.  When  sli^tly  more  than  half 
of  the  calculated  amount  of  hydrogen  selenide  had  been  absorbed,  the  evolution  of  hydrogen  fluoride  began  and 
elementary  selenium  was  partially  liberated.  The  contents  were  poured  into  water  and  the  oil  was  separated ,  dried 
with  sodium  sulfate  and  distilled.  The  yield  was  3.6  g(19.3%).  The  orange  liquid  had  a  nauseating  odor.  It 
dissolved  readily  in  the  usual  organic  solvents.  It  was  insoluble  in  water. 

B.p.  84*  (11  mm),  n?®D  1.5460,  d4*®  1.5405. 

Found  7o:  Se  42.36;  F  20.47.  C4H7NF2Se.  Calculated  %:  Se  42.45;  F  20.43. 

Diethylamide  of  Difluoroselenoacetic  Acid.  Under  analogous  conditions  from  17.3  g  (0.1  mole)  of  1,1 ,2,2- 
tetrafluorotriethylamine  and  9.5  g(0.12  mole)  of  hydrogen  selenide  we  obtained  8.0  g(37.57o)  of  the  diethyl¬ 
amide. 

B.p.  83*  (7  mm),  n*®D  1.5360,  d4*®  1.4306. 

Found  %:  C  34.09;  H  5.35;  N  6.61;  Sc  36.29;  F  17.78.  CeHuNFjSe.  Calculated  7o:  C  33.66;  H  5.18; 

N  6.54;  Se  36.88;  F  17.75. 

Dimethylamide  of  Difluorothioacetic  Acid.  From  14.5  g  (0.1  mole)  of  1,1,2,2-tetrafluoroethyldimethyl- 
amine  and  4.0g  (0.12  mole)  of  hydrogen  sulfide  we  obtained  3.4  g  of  the  dimethylamide.  The  liquid  had  a 
light  yellow  color.  The  smell  was  unpleasant.  The  product  dissolved  readily  in  the  usual  organic  solvents.  It 
was  insoluble  in  water. 

B.p.  83*  (33  mm),  i?®D  1.5070,  di*®  1.2480. 

Found  7o:  S  23.08;  F  27.63.  C4H7NSF2.  Calculated  7o:  S  23.04;  F  27.03. 

Diethylamide  of  Difluorothioacetic  Acid.  From  17.3  g  (0.1  mole)  of  1,1,2,2-tetrafluorotriethylamine 
and  4.7  g  (0.14  mole)  of  hydrogen  sulfide  we  obtained  9.2  g(557o)  of  the  diethylamide  of  difluorothioacetic 
acid. 
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B.p.  66*  (6  mm),  r?®D  1.4752,  1.1346. 

Found  %:  C  42.68;  H  6.67;  N  8.14;  S  18.94;  F  22.63.  C*HiiNSF^.  Calculated  C  43.11;  H  6.68; 

N  8.38;  S  19.16;  F  22.75. 

Diethylamide  of  Fluorochlorothloacetlc  Acid.  In  a  Drechsel  bottle  fitted  with  a  thermometer  was  placed 
18.96  g  (0.1  mole)  of  2-chloro-l,l,2-trlfluorotrlethylamlne,  which  was  heated  to  40*  and  3.4  g  (0.107  mole) 
of  hydrogen  sulfide  bubbled  through  It.  The  reaction  mixture  heated  to  70-80*.  It  was  washed  twice  with  Ice 
water  and  then  with  2%  sodium  bicarbonate  solution,  dried  with  sodium  sulfate  and  distilled.  The  yield  was 
4.3  g  (23.570). 

B.p.  98*  (8  mm),  n*®D  1.5176,  di*®  1.1964. 

Found  7o;  S  17.38;  F  10.72;  Cl  19.40.  CeHijNSFCl.  Calculated  7>:  S  17.47;  F  10.35;  Cl  19.33. 

Fluorlnatlon  of  Acetic  Acid.  12.0  g  (0.2  mole)  of  acetic  acid  wv  added  dropwlse  to  37.8  g(0.2  mole) 
of  2-chloro-l,l,2-trlfluorotrlethylamlne.  The  gases  liberated  were  passed  through  a  glass  tube  filled  with  cal¬ 
cined  potassium  fluoride  and  trapped  in  a  receiver  at  -70”.  The  gaseous  reaction  products  were  then  distilled. 

The  yield  of  acetyl  fluoride  was  7.3  g(597>). 

B.p.  20.5*  (752  mm).  According  to  data  [5]:  b.p.  21-22*. 

Found  7»:  F  30.3.  C,H0OF.  Calculated  7>:  F  30.62. 

The  liquid  remaining  in  the  reaction  flask  yielded  23.4  g(697o)  of  the  diethylamide  of  fluorochloroacetic 

acid. 

B.p.  105*  (27  mm),  n*®D  1.4490.  According  to  data  [2]:  b.p.  47*  (0.7  mm),  n*®D  1.4499. 

Fluorlnatlon  of  Thloacetlc  Acid.  Under  conditions  analogous  to  those  of  the  previous  experiment,  from 

16.2  g(0.2  mole)  of  thloacetlc  acid  and  37.8  g(0.2  mole)  of  2-chloro-l,l,2-trifluorotriethylamine  we  obtained 

6.2  g  (507o)  of  acetyl  fluoride.  The  b.p.  was  21*.  According  to  data  in  [5]  the  b.p.  21-22*.  The  liquid  remaining 
In  the  flask  was  washed  with  water,  dried  with  sodium  sulfate  and  distilled.  We  obtained  21.7  g  (607>)  of  the 
diethylamide  of  fluorochlorothloacetlc  acid. 

B.p.  98*  (8  mm),  n*®D  1.5175. 

Found  7o:  Cl  19.21.  CgHnNSFCl.  Calculated  7o:  Cl  19.33. 

Fluorlnatlon  of  Propionic  Acid.  14.8  g  (0.2  mole)  of  propionic  acid  was  added  dropwlse  to  37.8  g  (0.2 
mole)  of  2-chloro-l,l,2-trifluorotriethylamine.  The  reaction  mixture  evolved  heat  and  the  propionyl  fluoride 
partially  distilled.  The  mixture  was  heated  on  a  water  bath  to  complete  the  reaction.  The  liquid  obtained  was 
distilled.  The  yield  of  propionyl  fluoride  was  6.1  g  (407>). 

B.p.  44*.  According  to  data  [b]:  b.p.  44*. 

Found  7>:  F  25.63.  CjHgOF.  Calculated  7»:  F  25.0. 

The  liquid  remained  in  the  reaction  flask  yielded  24.3  g  (737o)  of  the  diethylamide  of  fluorochloroacetic 

acid. 

B.p.  105*  (27  mm),  n*®*^  1.4496.  According  to  data  [2]:  b.p.  47*  (0.7  mm),  n*®D  1.4499. 

Fluorination  of  Sodium  Propionate.  5.85  g  (0.1  mole)  of  sodium  propionate  was  added  from  a  hermeti¬ 
cally  attached  flask  to  18.9  g  (0.1  mole)  of  2-chloro-l,l,2-trifluorotriethylamine.  The  reaction  mixture  evolved 
heat  and  propionyl  fluoride  distilled.  The  yield  was  4.0  g  (877o).  The  b.p.  was  44*  and  the  n^*D  1.3290.  Accord¬ 
ing  to  data  in  [2],  the  b.p.  is  44*.  The  liquid  remaining  in  the  reaction  flask  yielded  7.8  g  of  the  diethylamide 
of  fluorochloroacetic  acid. 

B.p.  105*  (27  mm),  n*®D  1.4496.  According  to  data  in  [2):  b.p.  47*  (0.7  mole),  n*®D  1.4499. 

Fluorlnatlon  of  Butyric  Acid.  Under  conditions  analogous  to  those  for  the  preparation  of  propionyl  fluoride, 
from  37.8  g  (0.2  mole)  of  2-chloro-l,l,2-trifluorotriethylamine  and  17.6  g  (0.2  mole)  of  butyric  acid  we  ob¬ 
tained  8.2  g  (45.5%)  of  butyryl  fluoride. 
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B.p.  67’,  i^®D  1.3470.  According  to  data  [5];  b.p.  67’,  1.3487. 

Found  F  21.51.  C4H7OF.  Calculated  %:  F  21.08. 

1-Fluorobutane.  14.8  g  (0.2  mole)  of  n-butyl  alcohol  was  added  dropwlse  to  37.8  g  (0.2  mole)  of  2-chloro- 
1,1,2-trifluorotriethylamine.  The  reaction  mixture  evolved  heat  and  a  low-boiling  liquid  distilled.  The 
liquid  obtained  was  washed  with  ice>water,  dried  with  calcium  chloride  and  distilled.  The  yield  was  10.1  g 
(66.6%). 

B.p.  31.5*  (731  mm),  nP®D  1.3410. 

Found  %:  F  25.10.  C4H9F.  Calculated  %:  F  25.0. 

The  liquid  remaining  in  the  flask  yielded  24.3  g(72.5%)  of  the  diethylamide  of  fluorochloroacetic  acid. 

B.p.  105*  (27  mm),  n*®D  1.4490.  According  to  data  [2]:  b.p.  47*  (0.7  mm),  n*®D  1.4499. 

l-Fluoro-3-methylbutane.  Under  conditions  analogous  to  those  of  the  previous  experiment,  from  37.8  g 
(0.2  mole)  of  2-chloro-l,l,2-trifluorotriethylamine  and  17.6  g(0.2  mole)  of  isoamyl  alcohol  we  obtained  6.3  g 
(35%)  of  l-fluoro-3-methylbutane. 

B.p.  53.5  *,  n‘*D  1.3612.  According  to  data  [6]:  b.p.  63.2*. 

Found  %;  F  21.11.  CgHnF.  Calculated  %:  F  21.07. 

The  liquid  remaining  in  the  reaction  flask  yielded  18.6  g  (55.5%)  of  the  diethylamide  of  fluorochloro¬ 
acetic  acid. 

B.p.  105*  (27  mm),  i^®D  1.4490.  According  to  data  [2):  b.p.  47*  (0.7  mm),  n?®D  1.4499. 

SUMMARY 

1.  A  new  preparative  method  was  described  for  obtaining  acid  fluorides  of  carboxylic  acids  and  alkyl 
fluorides  by  replacing  hydroxyl  or  sulfhydryl  groups  by  fluorine  with  the  help  of  <x-fluorinated  tertiary  amines. 

2.  A  method  was  found  for  preparing  substituted  amides  of  fluorinated  thiocarboxylic  and  selenocarboxylic 

acids. 
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DIFLUOROCHLOROMETHYLSULFENYL  CHLORIDE 


N.  N.  Yaiovenko,  S.  P.  Motornyi,  A.  S.  Vasil'eva  and  T.  P.  Gershzon 


Up  to  now  no  methods  were  known  for  the  preparation  of  mixed  compounds  of  the  difluorochloro-  or 
difluorobromomethylsulfenyl  halide  type. 

As  is  known,  trifluoromethylsulfenyl  chloride  is  obtained  by  ultraviolet  irradiation  of  a  mixture  of  hexa- 
fluorodimethyl  sulfide  with  chlorine  at  room  temperature  [1]. 

CF3SSCF3  CF3SCI 

The  hexafluorodimethyl  disulfide  required  for  this  reaction  was  obtained  by  reacting  trifluoroiodomethane 
with  sulfur  [2].  Trifluoromethylsulfenyl  chloride  was  also  formed  by  the  reaction  of  mercury  trifluoromethyl- 
mercaptide  with  chlorine  [1], 


(CF..,S)2lIg  CF:,SC1  +  CFaSHgCl 


However  it  was  impossible  to  obtain  difluorohalomethylsulfenyl  halides  of  the  type  CF|XSX  by  this 
method  or  by  the  other  usual  reactions.  The  C  —  S  bond  is  broken  during  the  reaction  of  trichloromethylsulfenyl 
chloride  with  metal  fluorides.  In  the  reaction  of  carbon  disulfide  with  hydrogen  fluoride  and  chlorine  or  with 
antimony  fluorides  in  the  presence  of  antimony  pentachloride  and  also  with  fluorides  of  certain  other  elements 
all  the  C  —  S  bonds  are  broken  and  fluorochloromethanes  are  formed  [3]. 

The  object  of  the  present  work  was  to  find  a  method  of  synthesizing  difluorochloromethylsulfenyl  chloride. 

In  contrast  to  trichloromethylsulfenyl  chloride,  the  product  of  its  interaction  with  diethylamine,  trichloro- 
methyl-(N-diethyl)-sulfenamide,  reacted  with  antimony  trifluoride  in  the  presence  of  small  amounts  of  antimony 
pentachloride  under  mild  conditions  without  rupture  of  the  C  -  S  bond  with  the  formation  of  fluorodichloro-, 
difluorochloro-  and,  apparently,  trifluoromethyl-(N-diethyl)-sulfenamides.  The  reaction  was  found  to  be  very 
sensitive  to  temperature  and  heating  time.  At  temperatures  below  65*  practically  only  fluorodichloromethyl- 
(N-diethyl)-sulfenamide  was  formed.  At  67*  and  with  an  hour  and  a  half's  heating,  difluorochloromethyl-(N- 
diethyl)-sulfenamide  was  obtained  in  a  yield  of  about  25%  in  a  mixture  with  fluorodichloro-  and  trichloromethyl- 
(N-dlethyl)-sulfenamlde.  In  view  of  the  instability  of  difluorochloromethyl-(N-diethyl)-sulfenamide,  there  was 
no  need  to  isolate  it  from  the  reaction  mixture  in  a  pure  form.  It  was  sufficient  to  separate  the  mobile  liquid 
from  the  solid  and  tarry  reaction  products  and  to  saturate  it  with  dry  hydrogen  chloride  [4]. 

Ca..,SN(C2«lr,)2  (;F2CISX(C2llr,)2  4  CFClaSNCCzlIjj^  4  CCl3S.\(r^ll5)2 

CF2CISCI  4-  CFCIaSCI  !-  CCI3SCI 

The  mixture  of  trichloro- ,  difluorochloro-  and  fluorodichloromethylsulfenyl  chlorides  obtained  in  this  way  were 
readily  separated  by  distillation  on  a  column.  The  effect  of  temperature  and  heating  time  on  the  yield  of  difluorochloro - 
and  fluorodichloromethylsulfenyl  chlorides  is  shown  in  the  table. 

EX  PERIMENT A  L 

Difluorochloromethylsulfenyl  Chloride.  Into  a  three-necked  glass  flask  of  0.5  liter  capacity,  fitted  with 
a  stirrer  and  thermometer,  were  placed  200  g(0.9  mole)  of  trichloromethyl-(N-diethyl)-sulfenamide,  120  g 
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Reagent 

Experiment  1 

Experiment  2 

Experiment  3 

CCI,SN(C2H5)2 . 

200  g 

200  g 

200  g 

SbF, . 

90 

120 

120 

SbCig . 

4 

4 

4 

Temperature  in 
reactor 

55® 

67® 

75® 

Heatinctime 

Yield  ot  CF,C1SC1 

Ihr  45 min 

Ihr  20 min 

1  hr 

1.0  g(0.70/o) 

34  g  (24.5%) 

30  g  (21.7%) 

Yield  of  CFC1|SC1 

.56  g(37«/o) 

32  g  (21o/o) 

3  g  (2%) 

(0.67  mole)  of  antimony  trifluoiide  and  4  g  of  antimony  pentachloride.  (The  ether  in  which  trichloromethyl- 
(N-diethyl)-sulfenamide  is  normally  obtained  had  to  be  removed  carefully  since  even  small  amounts  of  ether 
inhibited  the  fluorination  reaction).  With  vigorous  stirring  the  reaction  mixture  was  heated  to  67*  and  kept  at 
this  temperature  until  the  lower  layer  became  quite  black  and  on  an  average  this  occurred  after  80  minutes 
heating.  The  upper  layer  was  then  separated  from  the  tars  and  saturated  with  hydrogen  chloride  for  several 
hours  with  vigorous  stirring  and  cooling  with  water  and  ice;  the  mixture  solidified  completely,  but  toward  the 
end  of  saturation  it  again  liquefied.  The  reaction  mixture  was  mixed  with  finely  crushed  ice  and  the  oily  layer 
quickly  separated,  dried  with  calcium  chloride  and  distilled  on  a  column.  The  boiling  points  of  CF|C1SC1 
(49*)  and  CFCltSCl  (99*),  calculated  from  the  boiling  points  of  CFjSCl  (~0*)  and  CClgSCl  (149*),  were  close  to 
those  found.  The  yield  of  difluorochloromethylsulfenyl  chloride  was  34  g(24.8^).  The  yellow  liquid  had  the 
characteristic  odor  of  sulfenyl  chlorides,  b.p.  52*  n^^  1.4195,  ds^*  1.5344. 

Found  %.  C  7.72;  S  21.07;  F  24.40;  Cl  46.56..  CF,C1,S.  Calculated  %.  C  7.84;  S  20.92;  F  24.8;  Cl  46.41. 

The  yield  of  fluorodichloromethylsulfenyl  chloride  was  32  g  (21%). 

Found  %:  C  7.12;  S  18.81;  F  11.27;  Cl  62.65.  CFC1,S.  Calculated  %:  C  7.08;  S  18.88;  F  11.21;  Cl  62.83. 

The  total  yield  of  CFfClSCl  and  CFCl^SCl  was  66  g  (45.8%). 

SUMMARY 

1.  The  effect  of  temperature  and  heating  time  on  the  reaction  of  trichloromethyl-sulfenamide 
with  antimony  fluorides  and  chlorides  was  studied. 

2.  It  was  established  that  by  the  reaction  of  hydrogen  chloride  with  the  fluorination  products  of  trichloro- 
methyl-(N-diethyl)-sulfenamide  it  was  possible  to  prepare  difluorochloromethylsulfenyl  chloride. 
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CARBYLAMINE  HALIDES 


I.  ALIPHATIC  CARBYLAMINE  CHLORIDES 

K.  A.  Petrov  and  A.  A.  Neimysheva 

Aliphatic  carbylamine  chlorides  have  been  studied  very  little.  Up  to  now  only  three  representatives  of 
aliphatic  carbylamine  chlorides  have  been  known  and  these  are  ethyl-,  8 -chloroethyl-  and  trichloromethyl- 
carbylamine  chlorides.  The  first  substance  was  obtained  by  chlorination  of  ethyl  isonitrile  [1],  the  second  by 
chlorination  of  8  -chloroethyl  isothiocyanate  [2]  and  the  third  by  thermal  decomposition  of  trichloronitroso- 
methane  [3].  As  regards  the  chemical  properties  of  these  compounds,  there  are  only  general  indications  on  their 
reactivity. 

In  this  work  the  previously  unknown  methylcarbylamine  chloride  is  described,  a  method  for  obtaining 
the  intermediate  products  in  the  synthesis  of  trichloromethylcarbylamine  chloride  was  improved  and  some  of  the 
properties  of  aliphatic  carbylamine  chlorides  were  studied. 

Methylcarbylamine  chloride  was  obtained  by  chlorination  of  methyl  isothiocyanate  in  ether  at  0*.  A 
characteristic  property  of  methylcarbylamine  chloride  is  its  capacity  to  liberate  iodine  from  acidified  solutions 
of  potassium  iodide  when  1  mole  of  carbylamine  chloride  liberates  exactly  1  mole  of  iodine.  This  property  was 
used  for  the  quantitative  determination  of  methyl-,  ethyl-  and  8  -chloroethylcarbylamine  chlorides.  In  the 
action  of  potassium  iodide  on  carbylamine  chlorides,  the  replacement  of  chlorine  by  iodine  apparently  occurs 
first  and  the  carbylamine  iodide  then  decomposes  to  isonitrile  and  iodine. 


The  isonitriles  were  not  liberated  but  their  presence  was  detected  by  odor.  In  contrast  to  aliphatic 
carbylamine  chlorides,  aromatic  ones  liberate  hardly  any  iodine  from  an  acidified  solution  of  potassium  iodide. 
Trichloromethylcarbylamine  chloride  occupies  an  intermediate  position  between  aliphatic  and  aromatic  com¬ 
pounds  in  this  respect.  Thus,  when  treated  with  KI  for  2  hours,  this  carbylamine  chloride  ^owed  a  10.6^  con¬ 
tent  of  active  chlorine  and  after  2  days,  19.3%  (theoretical  content  of  active  chlorine,  33%). 

In  contrast  to  aromatic  carbylamine  chlorides,  methyl-  and  trichloromethylcarbylamine  chlorides  did 
not  react  with  hydrogen  sulfide  (even  on  heating)  or  with  sodium  and  copper  sulfides  in  an  aqueous  medium  or 
in  benzene  and  dioxane  solution  when  heated  to  100*.  The  carbylamine  chlorides  reacted  vigorously  with 
amines.  The  action  of  aniline  on  trichloromethylcarbylamine  chloride  caused  replacement  of  all  the  chlorine 
atoms,  even  when  the  reaction  was  carried  out  in  dilute  solutions  and  with  excess  carbylamine  chloride.  The 
reaction  products  yielded  two  substances,  which  were  apparently  derivatives  of  guanidine  (I)  and  (II).  Accord¬ 
ing  to  elementary  composition,  (I)  corresponded  to  di-(phenylamino)-chloromethyldiphenylguanidine  and  (K) 
to  tri-(phenylamino)-methyldiphenylguanidine.  The  substances  were  not  examined  more  closely. 
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QjHsNH 


CeUfiNH^I 


\.C-N=C<^ 


Cl 

(I) 


NHCflHs 

NHCeHj 


(C6H5NH)3CN=C(NHC8H5)2 

(II) 


Trichloromethylcarbylamine  chloride  was  obtained  from  tetrachloromethyl  mercaptan  by  the  method 
described  in  the  literature  [3].  This  method  is  extremely  complex  and  certain  of  the  procedures  for  preparing 
the  intermediate  products  were  found  to  be  insufficiently  detailed  and  consequently  difficult  to  reproduce. 

The  procedure  described  in  the  literature  for  the  oxidation  of  perchloromethyl  mercaptan  [4]  was  especially 
Inexact.  In  this  procedure  the  nitric  acid  concentration  and  reaction  temperature  were  not  given  when  these 
data  determine  the  conditions  for  the  oxidation  of  perchloromethyl  mercaptan  and  have  a  substantial  effect  on 
the  yield  of  sulfonyl  chloride.  Thus,  if  perchloromethyl  mercaptan  was  oxidized  with  nitric  acid  (d  1.52)  com¬ 
plete  destruction  of  the  substance  occurred  and  sulfonyl  chloride  was  not  obtained.  By  decreasing  the  amount 
and  the  concentration  of  nitric  acid  and  increasing  the  time  for  heating  the  reaction  mass,  we  were  able  to 
raise  the  yield  of  sulfonyl  chloride  considerably. 

Trichloromethylcarbylamine  chloride,  it  seemed,  could  be  obtained  by  chlorination  of  trichloromethyl 
isothiocyanate.  However,  the  isothiocyanate  considered  is  unknown.  In  this  work  we  tried  to  obtain  trichloro¬ 
methyl  isothiocyanate  by  the  isomerization  of  trichloromethyl  thiocyanate.  It  is  known  that  under  certain 
conditions  alkyl  thiocyanates  are  capable  of  isomerizing  into  mustard  oils  [5-7].  In  contrast  to  other  thiocy¬ 
anates,  trichloromethyl  thiocyanate  could  not  be  isomerized  into  trichloromethyl  isothiocyanate.  In  all  cases 
when  the  thiocyanate  was  heated  in  a  sealed  tube  to  200*  with  Cd]^  or  without  Cd%  and  also  when  heated  and 
irradiated  with  ultraviolet  light  without  catalyst  and  with  catalyst  the  starting  material  was  recovered  unchanged. 

EXPERIMENTAL 

Methylcarbylamine  Chloride.  With  cooling  by  ice  and  salt,  chlorine  was  passed  into  a  solution  of  41.3  g 
of  methyl  mustard  oil  in  50  ml  of  absolute  ether  at  such  a  rate  that  the  reaction  temperature  did  not  rise  above 
0-5*.  After  a  brief  passage  of  chlorine,  a  yellow  precipitate  formed  and  the  amount  of  this  increased  at  first. 
After  1  hour  the  color  of  the  solution  changed  from  yellow  to  red  and  the  amount  of  precipitate  decreased. 
Chlorination  was  complete  after  2  hours  40  minutes,  when  a  small  amount  of  precipitate  still  remained.  The 
reaction  mixture  was  distilled.  We  obtained  54.3  g  of  substance.  The  yield  was  85.77o. 

B.p.  77.5-78*,  d4”  1.2670,  n^"D  1.4487. 

Found  C  21.55;  H  2.79;  N  12.63;  Cl  63.06;  Clact  59.2.  CjHaNCl,.  Calculated  C  21.23;  H  2.68; 

N  12.50;  Cl  63.39;  Clg^t  63.39. 

When  methyl  isothiocyanate  waschlorinatedln  ethyl  chloride  or  chloroform  and  also  without  solvent, 
we  were  unable  to  isolate  methylcarbylamine  chloride  in  an  individual  state.  Together  with  sulfur  chlorides 
and  carbylamine  chloride, contaminated  by  various  impurities,  distillation  of  the  reaction  products  yielded  a 
large  amount  of  hygroscopic  and  unstable  needlelike  crystals,  which  were  probably  the  hydrochloride  of 
carbylamine  chloride.  These  crystals  were  not  examined  more  closely. 

Methylcarbylamine  chloride  was  a  colorless  liquid  with  a  sharp,  irritating  odor,  and  it  reacted  vigorously 
with  alkalis  and  alcohols,  was  hydrolyzed  by  water  and  attacked  rubber;  guanidine  derivatives  were  formed 
with  amines. 

A  solution  of  14.2  g  of  aniline  in  30  ml  of  chloroform  was  added  with  ice-water  cooling  to  5.7  g  of 
methylcarbylamine  chloride,  dissolved  in  40  ml  of  dry  chloroform  and  the  reaction  mass  left  to  stand  for  some 
time  at  room  temperature.  After  removal  of  the  precipitate,  the  chloroform  was  distilled  from  the  filtrate  and 
then  the  residue  kept  in  vacuum.  In  the  flask  remained  a  thick  red  mass,  which  was  treated  with  alkali  and 
ether.  The  ether  extract  was  dried  with  solid  alkali,  the  ether  removed  and  the  residue  vacuum  distilled.  We 
isolated  a  substance  with  b.p.  153-155*  (7  mm),  which  had  a  strongly  alkaline  reaction  and  was  apparently 
diphenylmethylguanidine.  The  substance  was  not  examined  more  closely. 

Trichloromethylsulfonyl  Chloride.  120-130  ml  of  nitric  acid  (d  1.4)  was  added  with  vigorous  stirring 
over  a  period  of  2.5  hours  to  a  solution  of  100  g  of  perchloromethyl  mercaptan  in  300  ml  of  glacial  acetic  acid. 
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first  heated  to  60-70*,  and  the  reaction  mixture  was  kept  at  this  temperature.  After  the  nitric  acid  had  been 
added,  the  reaction  mixture  was  heated  on  a  boiling  water  bath  until  the  evolution  of  nitrogen  oxides  ceased 
(2-2.5  hours),  cooled  and  poured  into  an  equal  volume  of  cold  water.  The  trichloromethylsulfonyl  chloride 
precipitated  was  collected ,  washed  well  with  water  and  dried  over  sulfuric  acid  or  P1O5  in  a  vacuum  desiccator. 
The  yield  was  70  g. 

Reaction  of  Trichloromethylcarbylamine  Chloride  With  Aniline,  A  solution  of  3  g  of  aniline  in  20  ml  of 
ether  was  added  dropwise  to  a  solution  of  0.7  g  of  trichloromethylcarbylamine  chloride  in  10  ml  of  absolute 
ether  with  cooling  in  ice  water  and  the  reaction  mixture  left  to  stand  at  room  temperature  for  3  hours.  The 
precipitate  was  collected  and  washed  carefully  first  with  ether,  then  water  to  remove  aniline  hydrochloride, 
with  soda  solution  and  again  with  water  to  a  neutral  reaction  to  phenolphthalein.  The  water -insoluble  residue 
was  dried  over  phosphorus  pentoxide  in  a  vacuum  desiccator.  The  product  melted  at  154-156”.  The  substance 
was  recrystallized  by  solution  in  a  small  amount  of  chloroform  and  precipitation  with  ether.  After  two  recry- 
itallizations,  the  substance  had  m.p.  197-198*. 

Found  C  70.10:  H  5.47;  N  15.76;  Cl  8.07.  C,,H,4N5C1.  Calculated  %  C  70.67;  H  5.44;  N  16.86; 

Cl  8.06. 

Di-(phenylamino)-chloromethyldiphenylguanldine  was  a  white  crystalline  substance,  which  dissolved 
readily  in  chloroform,  ethyl  alcohol  and  acetonitrile  but  was  insoluble  in  ether,  ligroin  and  water. 

After  isolation  of  the  di-(phenylamino)-chloromethyldiphenylguanidine,  the  ether  -  chloroform  solution 
was  evaporated  and  the  residue  recrystallized  from  alcohol.  Two  recrystallizations  from  96%  alcohol  yielded 
a  substance  with  m.p.  129-130*. 

Found  %:  C  77.36;  H  6.00;  N  16.47.  CaHjoNe.  Calculated  %:  C  77.11;  H  6.02;  N  16.87. 

Tri-(phenylamino)-methyldiphenylguanidiiie  was  a  white  crystalline  substance,  which  dissolved  readily 
in  chloroform,  ether,  benzene  and  hot  alcohol,  with  difficulty  in  cold  alcohol  and  was  insoluble  in  water. 

Trichloromethyl  Thiocyanate.  With  vigorous  stirring  and  heating  on  a  water  bath,  20  g  of  powdered 
potassium  cyanide  was  added  in  small  portions  to  a  solution  of  18.5  g  of  perchloromethyl  mercaptan  in  40  ml 
of  ether,  preliminarily  washed  with  water.  When  the  potassium  cyanide  had  been  added,  the  reaction  mixture 
was  heated  with  stirring  for  a  further  5  hours  and  was  left  overnight.  The  precipitate  was  then  collected  and 
washed  with  a  small  amount  of  ether.  The  filtrate  was  washed  with  water  until  the  reaction  for  chlorine  ion 
was  negative.  The  ether  layer  was  separated  and  dried  with  fired  sodium  sulfate.  After  removal  of  the  ether, 
fractionation  of  the  residue  yielded  trichloromethyl  thiocyanate.  The  b.p.  was  80"  (49  mm).  The  yield  was 
48%.  Trichloromethyl  thiocyanate  was  obtained  in  the  same  yield  if  the  reaction  was  carried  out  in  ether  with 
the  addition  of  a  small  amount  of  water  (about  0.5  g)  during  the  reaction.  A  decrease  in  the  amount  of  potassium 
cyanide  led  to  a  fall  in  the  thiocyanate  yield.  The  thiocyanate  was  formed  in  low  yield  by  the  method  de¬ 
scribed  in  the  literature  [8]. 

SUMMARY 

1.  Previously  undescribed  methylcarbylamine  chloride  was  obtained  by  chlorination  of  methyl  isothio¬ 
cyanate. 

2.  It  was  established  that  methyl-  and  trichloromethylcarbylamine  chlorides  did  not  react  with  hydrogen 
sulfide  or  sodium  or  copper  sulfides.  Methylcarbylamine  chloride  liberated  iodine  quantitatively  from  acidified 
solutions  of  potassium  iodide.  The  action  of  aniline  on  trichloromethylcarbylamine  chloride  produced  complete 
replacement  of  the  chlorine  atoms  by  the  amine  residue. 
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CARBYLAMINE  HALIDES 

II.  SYNTHESIS  OF  SECONDARY  AMINES  WITH  A  TRIFLUOROMETHYL  GROUP 
K.  A.  Petrov  and  A.  A.  Neimysheva 


Until  now  the  only  representative  of  secondary  amines  with  a  trifluoromethyl  group  at  the  nitrogen  was 
hexafluorodimethylamine,  which  was  obtained  for  the  first  time  in  low  yield  by  fluorinatlon  of  cyanogen  iodide 
using  IF5  [1]  and  then  by  the  addition  of  hydrogen  fluoride  to  trifluoromethylcarbylamine  fluoride  by  heating 
the  reagents  to  150*  for  16  hours  [2],  In  contrast  to  the  first,  the  second  method  of  synthesis  is  recommended  as 
a  general  procedure  for  preparing  secondary  amines  with  a  trifluoromethyl  group.  However,  due  to  the  low 
accessibility  of  carbylamine  fluorides,  it  also  has  very  limited  possibilities.  Carbylamine  fluorides  are  usually 
obtained  by  thermal  decomposition  of  tri-(perfluoroalkyl)-amines  [3].  Naturally,  by  the  addition  of  hydrogen 
fluoride  the  perfluorocarbylamine  fluorides  thus  formed  can  only  be  converted  into  secondary  amines  with  per- 
fluorinated  radicals. 

In  this  work  a  new  method  was  developed  for  the  preparation  of  secondary  amines  with  a  trifluoromethyl 
group,  based  on  the  interaction  of  hydrogen  fluorides  with  carbylamine  chlorides.  As  a  result  of  the  successive 
addition  of  hydrogen  fluoride  to  carbylamine  halides  and  the  elimination  of  hydrogen  chloride  from  the  sub¬ 
stances  formed,  secondary  amines  with  a  trifluoromethyl  group  were  finally  obtained. 


B-N=CCl2  — ^  RNllCCiaF  — 

\f 

RNHCCIF2  — ^  PN=CF2  — RNHCF3 


The  addition  of  hydrogen  fluoride  at  an  N  —  C  bond  was  also  observed  in  other  cases.  Thus,  hydrogen 
fluoride  in  ether  solution  readily  adds  to  isocyanatesinthe cold,i.e.,atroomtemperature  with  a  quantitative 
formation  of  acid  fluorides  of  carbamic  acid  [4]. 

The  reaction  of  carbylamine  chlorides  with  hydrogen  fluoride  proceeded  vigorously  in  the  cold  and, 
depending  on  the  reaction  conditions,  formed  secondary  amines  or  polymers  of  carbylamine  fluorides.  Thus,  a 
reaction  in  ether  with  excess  hydrogen  fluoride  formed  alky Itrifluoromethy famines  and  in  ethyl  chloride  or  with¬ 
out  solvent,  the  main  Reaction  product  was  polymers  of  carbylamine  fluorides.  Evidently  hydrogen  fluoride 
produces  polymerization  of  a  carbylamine  fluoride.  It  was  not  possible  to  isolate  the  intermediate  carbylamine 
fluoride  when  the  reaction  was  carried  out  in  dilute  solutions  and  with  the  calculated  amount  of  hydrogen  fluoride. 
In  the  latter  case  the  original  carbylamine  chloride  and  the  alkyltrifluoromethylamine  were  isolated. 

The  reaction  was  studied  on  the  example  of  the  interaction  of  hydrogen  fluoride  with  phenyl-,  p-tolyl-, 

8  -chloroethyl-  and  trichloromethylcarbylamine  chlorides;  this  yielded  phenyltrifluoromethylamine  (68.57«>), 
p-tolyltrifluoromethylamine  (70%),  hexafluorodimethylamine  (85%)  and  the  acid  fluoride  of  8 -chloroethyl- 
carbamic  acid. 

In  the  action  of  aniline  on  phenyltrifluoromethylamine,  only  1  fluorine  atom  in  the  latter  was  replaced 
by  an  aniline  residue  and  diphenylurea  was  only  formed  on  treatment  of  the  reaction  product  with  water. 
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+  2C„II.-,NIl2  — >  (CcIlr,NII)2CF2  f  GflllsNIIz*  IIF 
(C„II.^NI1)2GF2+ II2O  —  (r.„Hr,NH)2CO-l-2IIF 

Treatment  of  phenyltrlfluoromethylamine  with  potassium  fluoride  with  heating  caused  the  elimination 
of  hydrogen  fluoride  and  the  formation  of  phenylcarbylamine  fluoride.  This  part  of  the  investigation  will  be 
published  in  the  next  communication. 

In  contrast  to  the  reaction  of  phenyl-  and  tolylcarbylamine  chloride  with  hydrogen  fluoride,  in  the  pre¬ 
paration  of  hexafluorodimethylamine,  if  the  reaction  mixture  was  immediately  heated  to  room  temperature 
after  the  addition  of  the  carbylamine  chloride  to  hydrogen  fluoride  it  was  possible  to  isolate  trichlorom  ethyl - 
carbylamine  chloride  and  trichloromethylcarbylamlne  fluoride  from  the  mixture  together  with  hexafluorodi¬ 
methylamine.  The  presence  of  trichloromethylcarbylamlne  fluoride  in  the  reaction  mixture  serves  as  confirma¬ 
tion  of  the  fact  that  the  formation  of  amines  proceeds  through  the  formation  of  carbylamine  fluorides,  which 
evidently  add  hydrogen  fluoride  readily  in  the  cold  in  contradiction  to  the  data  in  [2], 

The  ease  of  hexafluorodimethylamine  formation  by  the  action  of  hydrogen  fluoride  on  trichloromethyl- 
carbylamine  chloride  may  be  explained  hy  the  successive  addition  of  hydrogen  fluoride  to  the  carbylamine 
halides  and  the  elimination  of  hydrogen  chloride  from  the  hexahalodimethylamines  formed: 

CCl3N=CCl2  — ^  CCJ3NHCCI2F  — CC13N=CC1F 
— ►  CCI3NHCCIF2  CCl3N=CF2  CCI3NHCF3  etc. 

B  -Chloroethylcarbylamine  chloride  also  reacted  vigorously  with  hydrogen  fluoride  in  the  cold.  As  in  the 
case  of  phenylcarbylamine  chloride,  carrying  out  the  reaction  without  solvent  in  excess  hydrogen  fluoride 
formed  polymers  of  B  -chloroethylcarbylamine  fluoride.  In  only  one  of  the  experiments  was  it  possible  to  isolate 
a  small  amount  of  a  substance  corresponding  in  fluorine  and  nitrogen  content  to  B-chloroethyltrlfluoromethyl- 
amine.  When  the  reaction  was  carried  out  in  diethyl  or  dimethyl  ether,  B 'chloroethyltrifluoromethylamine 
could  not  be  isolated.  This  was  largely  connected  with  the  difficu^.^  of  separating  the  amine  from  oxonium 
salts  of  similar  boiling  points.  If  the  reaction  mixture  was  poured  into  a  cold,  saturated  solution  of  potassium 
fluoride  (in  order  to  bind  the  excess  hydrogen  fluoride)  and  the  organic  layer  quickly  separated,  fractional 
distillation  of  the  latter  yielded  the  acid  fluoride  of  B -chloroethylcarbamic  acid.  Naturally,  this  acid  fluoride 
could  only  have  been  formed  as  a  result  of  hydrolysis  of  B  -chloroethyltrifluoromethylamine. 

yO 

CICH2CH2NHCF3  -f  H2O  ^  ClCH2CH2NHC(f  4-  2HF 

\f 

The  action  of  aniline  on  the  acid  fluoride  yielded  phenyl-B -chloroethylurea. 

Evidently,  in  the  hydrolysis  of  other  amines  with  a  trifluoromethyl  group,  acid  fluorides  of  alkylcarbamic 
acids  were  also  formed  at  first  and  not  alkylcarbylamine  fluorides  as  stated  in  [2].  The  hydrolysis  of  hexafluoro¬ 
dimethylamine,  proceeding  to  CO^,  F"  and  in  an  acid  medium,  may  be  represented  by  the  following 
scheme: 

CF3NnCF3  CFaNlICc^^  CF3NHC<^^^^  -“--V  CF3NH2 

-^CF2=NH  — ^  FCN  HOCN 

I 

UNCO  HNCO 

UNCO  4- 1120  4-  CO2  4-  NH4+ 


The  ideas  of  Haszeldine  on  the  possibility  of  trifluoromethylcarbylamine  fluoride  formation  under  the 
conditions  of  secondary  amine  hydrolysis  are  unsubstantiated  and  therefore,  as  will  be  described  in  detail  in  the 
next  communication,  the  dehydrofluorinatlon  of  amines  with  a  trifluoromethyl  group  proceeds  only  at  high  tem- 
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perature  in  the  presence  of  potassium  fluoride.  The  formation  of  the  same  hydrolysis  products  from  hexafluoro- 
dimethylamine  and  trifluoromethylcarbylamine  fluoride  is  evidently  explained  by  the  fact  that  the  first  stage  in 
the  hydrolysis  of  the  carbylamine  fluoride  is  the  addition  of  water  at  the  N  =  C  bond  and  the  formation  of  an 
unstable  product,  which  is  then  decomposed  to  the  acid  fluoride  of  tiifluorometliylcarbamic  acid  and  then  to 
CO^,  HF  and  NH4+. 


EXPERIMENTAL 

Phenyltrifluoromethylamine.  a)  Into  a  copper  Wurtz  flask,  protected  with  a  tube  filled  with  fired  mag¬ 
nesium  sulfate  and  a  Tishchenko  bottle  with  sulfuric  acid,  was  condensed  14.6  g  of  anhydrous  hydrogen  fluoride, 
50  ml  of  absolute  ether  added  and  then  25  g  of  phenylcarbylamlne  chlciide  (5  moles  of  HF  to  1  mole  of  carbyl¬ 
amine  chloride)  was  introduced  dropwise  with  cooling  to  -15  to  -18*.  The  temperature  of  the  reaction  mixture 
was  gradually  raised  to  that  of  the  room.  Intense  evolution  of  hydrogen  chloride  was  observed  at  temperature 
above  0*.  At  the  end  of  the  evolution  of  hydrogen  chloride,  the  ether  and  excess  hydrogen  fluoride  were  dis¬ 
tilled  from  the  reaction  mixture  at  a  pressure  of  140-150  mm.  The  residue  in  the  flask  (35  g)  was  treated  with 
potassium  fluoride  and,  after  removal  of  the  precipitate,  fractionated  in  vacuum.  Two  distillations  yielded  16  g 
(68.5%)  of  product. 

B.p.  50-51*  (10  mm),  d**®  1.2423,  i/®D  1.4652. 

Found  %:  C  52.41:  H  3.87;  N  8.74;  F  35.34.  CyH^NFs.  Calculated  %:  C  52.20;  H  3.71;  N  8.70;  F  35.40. 

The  colorless,  clear  liquid  with  a  sharp  odor  was  soluble  in  most  organic  solvents,  but  insoluble  in 
water  and  slowly  hydrolyzed  by  it.  In  aqueous  acetone  solution  immediately  after  solution  of  the  sample  of 
substance  at  0*,  0.35%  of  the  fluorine  was  titratable,  after  1.5  hours  9.63%  and  after  16  hours  36.01%.  The 
product  distilled  readily  in  vacuum  without  attacking  glass.  At  atmospheric  pressure  it  boiled  at  150-155”  (with 
decomp.).  It  was  unstable  during  storage,  but  was  stabilized  by  the  addition  of  a  small  amount  of  quinoline. 

It  caused  irritation  of  the  mucous  membranes  of  the  eye.  When  heated  with  potassium  fluoride  it  was  converted 
into  phenylcarbylamine  fluoride;  on  treatment  with  aniline  it  formed  diphenylurea. 

To  0.8  g(l  mole)*of  phenyltrifluoromethylamine  was  added  3.2  g(6  molefof  aniline  with  water  cooling 
and  the  mixture  was  heated  on  a  water  bath  at  60'  for  20  minutes.  The  pasty  mass  was  treated  with  water  and 
the  excess  aniline  removed  by  the  addition  of  dilute  hydrochloric  acid.  The  precipitate  was  collected,  washed 
with  water  and  dried.  We  obtained  0.7  g  of  a  substance,  which,  after  recrystallization  from  alcohol,  melted  at 
235*  and  was  found  to  be  symmetrical  diphenylurea.  A  mixed  melting  point  of  the  substance  with  diphenylurea 
obtained  from  phosgene  and  aniline  was  not  depressed. 

b)  To  5.8  g  (2  molef  of  hydrogen  fluoride  was  added  32  ml  of  absolute  ether  and  25.2  g  (1  mole)*of 
phenylcarbylamine  chloride  and  the  reaction  mixture  left  to  stand  for  4  hours  at  room  temperature.  After  re¬ 
moval  of  the  ether  and  hydrogen  fluoride  under  the  conditions  described  above,  the  residue  was  vacuum  distilled 
to  give  11.2  g  of  phenylcarbylamine  chloride  and  7.6  g  of  phenyltrifluoromethylamine. 

B.p.  52“  (12  mm),  n?*D  1.4610. 

Found  %:  F  34.15.  C7H6NF3.  Calculated  %:  F  35.4. 

c)  Into  a  copper  flask  was  condensed  20  g  of  hydrogen  fluoride,  60  g  of  ethyl  chloride  was  added  and  then 
35  g  of  phenylcarbylamine  chloride  was  introduced  over  a  period  of  40  minutes  with  periodic  stirring,  when 
intense  evolution  of  hydrogen  chloride  occurred  and  continued  for  1.5  hours.  During  this  time  the  temperature 
of  the  cooled  mixture  was  kept  at  from  15  to  17*  and  then  it  was  slowly  raised  to  room  temperature.  After 
removal  of  the  solvent  and  excess  HF,  the  reaction  mixture  weighed  28  g.  To  the  mixture  was  added  20  g  of 
ethyl  chloride  and  10  g  of  fired  potassium  fluoride  and  the  mixture  left  over  night.  On  the  following  day  the 
liquid  was  decanted  from  the  precipitate  and  after  evaporation  of  the  ethyl  chloride,  the  residue  was  vacuum 
distilled  to  give  two  fracdons:  1st  b.p.  63*  (20  mm),  3.8  g.  2nd  b.p.  127.5-130*  (3  mm),  8.5  g. 

The  first  fraction  was  found  to  be  phenyltrifluoromethylamine. 

B.p.  50-51*  (10  mm),  n^*D  1.4649. 

Found  %:  F  35.69.  CyHeNF,.  Calculated  %:  F  35.4. 

•  As  in  original  —  Publisher's  note. 
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A  second  distillation  of  the  second  fraction  yielded  the  dimer  of  phenylcarbylamine  fluoride. 

B.p.  128-129’  (2.5  mm)  or  123-124*  (1.6  mm),  n”D  1.5208,  ds”  1.2852. 

Found  %:  N  10.11;  F  27.32.  M  263.6.  Ci4HioN,F4.  Calculated*^:  N  9.92;  F  26.93.  M  282. 

The  oily,  colorless  liquid  was  readily  soluble  in  organic  solvents  but  insoluble  in  water;  it  was  hydrolyzed 
with  difficulty  by  water  and  even  by  dilute  solutions  of  alkalis. 

Trifluoromethyl-p-toluidine  was  obtained  analogously  to  phenyltrifluoromethylamine. 

M.p.  38-40*,  b.p.  66*  (10  mm)  or  75*  (24  mm). 

Found  N  8.28;  F  32.42.  CgHjNFj.  Calculated  %  N  8.00;  F  32.57. 

The  product  formed  colorless,  scaley  crystals.  It  was  readily  soluble  in  organic  solvents  and  insoluble  in 
water;  it  was  slowly  hydrolyzed  in  aqueous  acetone  solutions;  5  minutes  after  solution  of  the  sample  of  material, 
5%  of  the  fluorine  could  be  titrated,  after  30  minutes  12.4*70  and  after  1.5  hours  26.2*7o.  In  the  pure  state  it  could 
be  stored  quite  readily  in  a  glass  vessel. 

Acid  Fluoride  of  8 -Chloroethylcarbamic  Acid,  a)  Into  a  copper  flask  cooled  to  -15*,  was  condensed  7.4  g 
of  hydrogen  fluoride,  and  30  ml  of  absolute  ether  and  15  g  of  6 -chloroethylcarbylamine  chloride  were  added. 

The  reaction  mixture  was  left  at  room  temperature  for  3.5  hours  and  then  poured  into  a  sufficient  amount  of  a 
cold,  saturated  solution  of  potassium  fluoride  to  bind  the  whole  of  the  hydrogen  fluoride  used  in  the  reaction. 

The  ether  layer  was  rapidly  separated,  the  aqueous  solution  extracted  2-3  times  with  ether  and  the  extract  added 
to  the  main  ether  solution.  The  ether  solution  was  dried  with  fired  magnesium  sulfate.  After  removal  of  the 
ether,  the  residue  was  fractionated  in  vacuum.  We  isolated  4.7  g  of  product. 

B.p.  78-80*  (6  mm),  n**D  1.4350. 

Found  F  15.39;  Cl  29.28.  C3H5ONFCI.  Calculated  %  F  15.14;  Cl  29.29. 

The  action  of  aniline  on  the  acid  fluoride  yielded  6  -chloroethylphenylurea. 

M.p.  117-118*  (from  50*70  alcohol).  Literature  data:  m.p.  124“  [5]. 

Found  *7o:  N  13.76.  CsHuONjCl.  Calculated  *7o:  N  14.11. 

b)  Dry  hydrogen  fluoride  was  slowly  condensed  into  a  copper  tube  cooled  to  -10  to  -15*  containing  18  g 
of  0 -chloroethylcarbylamine  chloride,  and  hydrogen  chloride  was  immediately  liberated.  After  the  condensa¬ 
tion  of  hydrogen  fluoride,  the  gain  in  weight  of  the  reaction  mixture  was  8  g.  The  mixture  was  left  for  12-14 
hours  while  the  temperature  slowly  rose  to  that  of  the  room.  The  hydrogen  fluoride  and  chloride  were  removed 
at  a  pressure  of  150-200  mm  at  room  temperature.  To  the  residue  in  the  flask  (16.5  g)  was  added  5  g  of  fired 
potassium  fluoride  and  the  vacuum  distillation  continued.  At  15  mm  and  room  temperature  1.5  g  of  trifluoro- 
methyl-6 -chloroethylamine  distilled  and  was  condensed  in  a  glass  trap,  cooled  to  -70*.  The  substance  did  not 
attack  glass. 

B.p.  76-77*  (151  mm),  d4“  1.4384,  n*®D  1.3670. 

Found  *7o:  F  40.39;  N  9.96.  CjHgNFaCl.  Calculated  *7o:  F  38.64;  N  9.49. 

The  residue  in  the  flask  was  extracted  with  ether  and  after  removal  of  the  solvent,  it  was  vacuum  distilled 
to  give  two  fractions:  1st  b.p.  65-68*  (5  mm),  3.6  g;  2nd  b.p.  83-112“  (5  mm),  3  g. 

A  second  distillation  of  the  first  fraction  yielded  0  -chloroethylcarbylamine  fluoride  and  apparently  its 
dimer  or  trimer. 

B.p.  81-82“  (10  mm),  d*^*  1.4168,  n‘®D  1.4162. 

Found  %.  N  10.52;  F  30.0;  Cl  27.24.  (C3H4NF2Cl)n.  Calculated  *7>:  N  10.98;  F  29.8;  Cl  27.84. 

The  second  fraction  yielded  what  was  probably  a  polymer  of  0  -chloroethylcarbylamine  fluoride  with 
b.p.  122-123“  (14  mm)  and  m.p.  47-48“. 

Found  %>:  N  11.09;  F  25.18;  Cl  28.01.  (C3H4NF2Cl)n.  Calculated  *7o:  N  10.98;  F  29.8;  Cl  27.84. 
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A  low-boiling  fraction  with  b.p.  76-77'  (151  mm)  was  isolated  in  one  experiment,  but  in  the  rest  of  the 
experiments  only  the  last  two  fractions  were  isolated. 

Hexafluorodimethylamlne.  Into  a  copper  Wurtz  flask  was  condensed  30  g  of  anhydrous  hydrogen  fluoride 
and  19  g  of  trichloromethylcarbylamine  chloride  (3  to  4 -fold  excess  of  HF)  was  added  dropwise  with  cooling  to 
-16*.  The  temperature  of  the  reaction  flask  was  kept  at  from  -10  to  -15'  for  2  hours,  raised  to  room  temperature 
over  a  period  of  1  hour  and  then  the  mixture  heated  at  30-35'  for  30  minutes.  The  end  of  the  reaction  was  deter¬ 
mined  by  the  cessation  of  hydrogen  chloride  evolution.  In  a  copper  receiver,  cooled  to  -70*,  condensed  13.2  g 
of  a  substance  which  was  redistilled  into  a  copper  tube  and  then  distilled  on  a  Podbielniak  column.  We  obtained 
10  g  of  hexafluorodimethylamlne.  The  b.p.  was  -6*. 

Found  C  15.72;  H  0.83.  M  153.1.  CjHNFg.  Calculated  C  16.69;  H  0.66.  M  163. 

SUMMARY 

A  method  was  developed  for  preparing  secondary  amines  with  a  trifluorom ethyl  group  at  the  nitrogen  by 
the  action  of  anhydrous  hydrogen  fluoride  on  carbylamine  chlorides. 
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AROMATIC  HYDROCARBONS 

IX.  SYNTHESIS  OF  HYDROCARBONS  OF  THE  INDAN  SERIES 

V.  R.  Skvarchenko,  L.  A.  Chervoneva,  I.  S.  Pastukhova 
and  R.  Ya.  Levina 
Moscow  State  University 


Our  previous  discovery  of  the  aromatization  by  phosphorus  pentoxide  of  the  adducts  of  conjugated  diene 
hydrocarbons  with  maleic  and  alkylmaleic  anhydrides  [1-5]  was  used  in  previous  work  [6]  for  the  synthesis  of 
hydrocarbons  of  the  tetralin  series;  in  this  case  the  dienophile  used  was  a  cyclic  analog  of  maleic  anhydride, 
the  anhydride  of  Al-cyclohexenedicarboxyiic-1,2  acid: 


In  order  to  prepare  hydrocarbons  of  the  indan  series,  in  the  present  work  we  used  phosphorus  pentoxide  to 
aromatize  adducts  of  diene  hydrocarbons  with  another  cyclic  analog  of  maleic  anhydride,  the  anhydride  of  Al- 
cyclopentenedicarboxylic-1 ,2  acid. 

This  dienophile  was  obtained  from  the  ethyl  ester  of  cyclopentanone-2-carboxylic  acid  [7]  by  the  follow'ng 
scheme  [8-10]: 


=0 

— COOCcHs 


OH 

-i-HCN  ]  j~CN  -H.O  j 

l^J-COOCzHs  'v^J-COOCzHfi 

I^J-COOH  (C1I,C0C1)  MLco/^ 


(HCl) 


By  reacting  the  anhydiide  of  Al-cyclopentenedicarboxylic-1,2  acid  with  the  alkadienes  divinyl,  isoprene 
and  2,3-dimethylbutadiene-l,3  by  prolonged  heating  in  an  autoclave,  we  obtained  the  previously  undescribed 
adducts,  the  anhydride  of  4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  (I)  and  its  homologs,  the  anhydrides  of 
5-methyl-  and  5,6-dimethyl-4,7,8,9-tetrahydroindandicarboxylic-8,9  acids  (II)  and  (III). 


(I) R  =  R’  =  H 

(II) R=H,  R'  =  CHj 
(HI)  R=R'=CH3 


The  interaction  of  the  anhydride  of  4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  (I)  with  phosphorus 
pentoxide  gave  indan  (IV)  (69%  yield): 
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p,o. 


+  ZCO  +  HjO 


(IV) 


Heating  the  anhydride  of  5-methyl-4,7,8,9“tetrahydroindandicarboxylic-8,9  acid  (II)  with  phosphorus 
pentoxide  yielded  5-methylindan  [(V),  yield]. 


CM, 


t© 


(II) 


+  2C0  +  HjO 
(V) 


5,6-Dlniethylindan  [(VI),  847o  yield]  was  obtained  by  the  interaction  of  phosphorus  pentoxide  with  the 
anhydride  of  5,6"dimethyl-4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  (III). 


(VI) 


The  hydrocarbons  obtained  were  identified  from  their  constants  and  the  melting  points  of  their  sulfon¬ 
amides. 

From  the  anhydride  of  Al-cyclopentenedicarboxylic-1,2  acid  we  also  obtained  adducts  with  bicyclic 
diene  hydrocarbons  (l,l’-dicyclohexenyl  and  l,l'-dicyclopentenyl)  and  these  were  the  anhydrides  of  4,5, 6,7- 
dicyclohexano-  and  4,5,6,7-dicyclopentano-4,7,8,9-tetrahydroindandicarboxylic-8,9  acids  (VII)  and  (VIII):  by 
reaction  with  phosphorus  pentoxide,  these  adducts  were  converted  into  the  polynuclear  aromatic  hydrocarbons 
4,5,6, 7-dicyclohexanoindan  [(DC),  44%  yield,  characterized  by  conversion  Into  dibenzoindan  by  heating  with 
selenium]  and  4,5,6,7-dicyclopentanoindan  [(X),  58%  yield],  respectively: 


+  ZCO  +  H^O 


EXPERIMENTAL 

Adducts  of  Diene  Hydrocarbons  With  the  Anhydride  of  A1 -Cyclopentenedicarboxyllc- 
1,2  Acid 

Adduct  of  Divinyl  (I).  The  anhydride  of  Al-cyclopentenedicarboxylic-1,2  acid  [10  g,  0.07  mole,  b.p. 
133-135"  (10  mm),  i?®D  1.4978;  literature  data  [10]:  b.p.  130*  (5  mm)]  and  divinyl  (20  ml,  0.21  mole)  were 
heated  in  an  autoclave  at  150"  for  23  hours  in  the  presence  of  a  small  amount  of  hydroquinone.  Recrystallization 
of  the  reaction  mass  from  ligroin  yielded  the  anhydride  of  4,7,8,9-tetrahydroindandicarb)oxylic-8,9  acid  (12  g, 

92%)  with  m.p.  114-115*  (not  described  in  the  literature). 
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Found  C  68.81,  68.91;  H  6.50,  6.53.  CiiHuOj.  Calculated  C  68.73;  H  6.30. 

Adduct  of  Isoprene  (II)  was  obtained  under  the  same  conditions.  From  11.8  g  (0.08  mole)  of  the  anhydride 
Al-cyclopentenedicarboxylic-1,2  acid  and  20.3  ml  (0.2  mole)  of  isoprene  we  obtained  12.6  g(76^o)  of  the  anhy¬ 
dride  of  5-methyl-4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  (not  described  in  the  literature)  with  m.p.  40-41* 
(from  ligroin). 

Found  C  70.17,  70.13;  H  7.12,  7.08.  Ci,Hi403.  Calculated  %:  C  69.89;  H  6.84. 

Adduct  of  2,3-Dimethylbutadiene-l,3  (III).  A  mixture  of  the  anhydride  of  Al-cyclopentenedlcarboxyllc- 
1,2  acid  (9.1  g,  0.06  mole),  dlmethylbutadiene  (11  g,  0.12  mole)  and  hydroquinone  (0.1  g)  was  heated  for  20 
hours  in  an  autoclave  at  110”.  The  thick  oil  obtained  partially  crystallized  on  cooling;  recrystallization  of  the 
precipitated  crystals  from  ligroin  yielded  the  anhydride  of  5,6-dimethyl-4,7,8,9-tetrahydroindandicarboxylic- 
8,9  acid  (11  g,  78%,  not  described  in  the  literature)  with  m.p.  61.5-62.5*. 

Found  %:  C  71.06,  71.06;  H  7.47,  7.49.  CuHnOj.  Calculated  %;  C  70.88;  H  7.32. 

Adduct  of  l,l’-Dlcyclohexenyl  (VII)  was  obtained  by  heating  the  anhydride  of  Al-cyclopentenedicarboxylic- 
1,2  acid  (^.5  g,  0.03  mole)  with  l,l’-dicyclohexenyl  (4  g,  0.03  mole)  and  hydroquinone  (0.1  g)  in  5  ml  of  xylene 
on  an  oil  bath  at  150*  for  9  hours.  The  anhydride  of  4,5,6,7-dicyclohexano-4,7,8,9-tetrahydroindandicarboxylic- 
8,9  acid  (5.7  g,  67%),  obtained  after  removal  of  the  xylene,  melted  at  138-139*  (from  alcohol).  Literature  data 
[11]:  m.p.  140*. 

Adduct  of  l,l'-Dicyclopentenyl  (VIII)  was  obtained  by  the  procedure  described  above  for  the  adduct  of 
l,l’-dicyclohexenyl.  From  3.5  g  (0.025  mole)  of  the  anhydride  of  Al-cyclopentenedicarboxyllc-1,2  acid  and 
3.5  g  (0.025  mole)  of  l,l*-dicyclopentenyl  we  obtained  the  anhydride  of  4,5,6,7-dicyclopentano-4,7,8,9-tetra- 
hydrolndandicarboxylic-8,9  acid  (3.6  g,  52%)  with  m.p.  89-89.5*  (from  alcohol).  Literature  data  [11]:  m.p.  90*. 

Preparation  of  Hydrocarbons  of  the  Indan  Series 

Indan  (IV).  The  anhydride  of  4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  [(I),  7.5  g,  0.04  mole]  was 
heated  with  phosphorus  pentoxide  (5.5  g,  0.04  mole)  on  a  metal  bath  from  100  to  280*.  When  the  evolution  of 
carbon  monoxide  ceased,  the  reaction  product  was  vacuum  distilled,  dissolved  in  ligroin  and  heated  for  1  hour 
with  a  20%  solution  of  sodium  hydroxide  to  remove  possible  traces  of  the  original  adduct.  The  solution  was 
washed  with  water,  dried  with  calcium  chloride,  the  ligroin  removed  and  the  residue  vacuum  distilled  to  yield 
indan  (3.2  g,  69%). 

B.p.  65-66*  (17  mm),  i^®D  1.5369,  d**®  0.9591,  MR^  38.47.  CjHjoPj.  Calculated  37.96. 

Sulfonamide:  m.p.  131-132*  (from  dilute  alcohol). 

Literature  data:  b.p.  70-71*  (18  mm),  n*®D  1.5367,  d4*®  0,963,  MRp  38.34  [12];  sulfonamide:  m.p. 

132-133*  [13]. 

5-Methylindan  (V).  5-Methyl-4,7,8,9-tetrahydroindandicarboxylic-8,9  acid  [(IV),  5.2  g,  0.02  mole]  was 
reacted  with  phosphorus  pentoxide  (3.0  g,  0.02  mole)  under  the  same  conditions  as  described  above.  The  evolu¬ 
tion  of  carbon  monoxide  ceased  when  the  mixture  was  gradually  heated  from  100  to  320*.  The  5-methylindan 
(2  g,  61%)  obtained  had  the  following  constants: 

B.p.  101-102*  (32  mm),  i^®D  1.5308,  d**®  0.9501,  MRp  43.03.  CioH^ps.  Calculated  42.58. 

Literature  data  [14]:  b.p.  74*  (11  mm),  n*®D  1.5332,  di*®  0.9494,  MRq  43.17. 

The  sulfonamide  of  5-methylindan  (not  described  in  the  literature)  melted  at  155-156*  (from  dilute 
alcohol). 

Found  %:  N  6.49,  6.44.  CioHijO^NS.  Calculated  %:  N  6.62. 

5,6-Dlmethylindan  (VI).  When  gradually  heated  from  120  to  320*  with  phosphorus  pentoxide  (6.0  g, 

0.04  mole)  under  the  conditions  described  above,  the  anhydride  of  5,6-dimethyl-4,7,8,9-tetrahydroindandicar- 
boxylic-8,9  acid  [(III),  9.5  g,  0.04  mole]  yielded  5,6-dimethylindan  (5.3  g,  84%). 
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B.p.  93-95*  (10  mm).  r?®D  1.5272,  <14”  0.9449,  MRj)  47.58.  CjiHuFi.  Calculated  47.20. 

Found  %:  C  90.21,  90.30;  H  9.94  ,  9.86.  C11HJ4.  Calculated  C  90.34;  H  9.66. 

Sulfonamide  of  5,6-dimethyllndan  -  m.p.  175-176*  (from  dilute  alcohol). 

Found  %  N  5.95,  6.14.  CuHigO^NS.  Calculated  %;  N  6.20. 

Literature  data  [17]:  b.p.  115*  (25  mm),  n***®D  1.5314. 

4.5.6.7- Dicyclohexanoindan  (IX).  A  mixture  of  the  anhydride  of  4,5,6,7-dicyclohexano-4,7,8,9-tetrahy- 
droindandicarboxylic-8,9  acid  [(VII),  5.7  g,  0.02  mole]  and  phosphorus  pentoxide  (2.7  g,  0.02  mole)  was  heated 
on  a  metal  bath  at  120-290*  until  the  evolution  of  carbon  monoxide  ceased.  The  reaction  mass  was  extracted 
several  times  with  boiling  ligroin  and  removal  of  the  solvent  from  the  extracts  and  recrystallization  of  the 
residue  from  alcohol  yielded  4,5,6,7-dicyclohexanoindan  (1.8  g,  44%)  with  m.p.  152-153*. 

Found  %:  C  90.05,  90.17;  H  9.94  ,  9.93.  Cj^Hj,.  Calculated*^:  C  90.20,  H  9.80. 

Literature  data  [15]:  m.p.  153*. 

4.5.6.7- Dibenzoindan  (obtained  by  heating  dicyclohexanoindan  with  selenium  for  7  hours  at  300-320*) 
had  m.p.  147-148  (from  alcohol).  The  picrate  of  4,5,6,7-dlbenzolndan  had  m.p.  163-164*  (from  alcohol). 

Literature  data  [11];  dibenzoindan  m.p.  149*;  its  picrate  m.p.  165-166*. 

4.5.6.7- Dicyclopentanoindan  [(X),  Tricyclopentanobenzene].  A  mixture  of  the  anhydride  of  4,5,6,7-dl- 
cyclopentano-4,7,8,9-tetrahydroindandicarboxyllc-8,9  acid  [(VIII),  3.6  g,  0.01  mole]  and  phosphorus  pentoxide 
(1.9  g,  0.013  mole)  was  heated  on  a  metal  bath  at  150-250*  until  the  evolution  of  carbon  monoxide  ceased. 

The  reaction  mass  was  extracted  with  boiling  ligroin.  After  removal  of  the  solvent,  the  residue  was  recrystallized 
from  methyl  alcohol.  The  dicyclopentanolndan  obtained  (1.5  g,  58*%)  had  m.p.  96-96.5*  (from  methyl  alcohol). 

A  mixed  melting  point  with  dicyclopentanolndan  obtained  by  the  condensation  of  cyclopentanone  under  the 
action  of  hydrogen  chloride  [16]  was  not  depressed.  Literature  data  [11]:  m.p.  96-97*. 

SUMMARY 

1.  A  new  preparative  method  was  developed  for  the  synthesis  of  hydrocarbons  of  the  indan  series  by 
aromatlzation  under  the  action  of  phosphorus  pentoxide  of  the  adducts  of  diene  hydrocarbons  with  the  anhydride 
of  Al-cyclopentenedicarboxylic-1,2  acid.  By  this  method  we  obtained  indan  (69*%  yield),  5-methyllndan 

(61*7o  yield),  5,6-dimethylindan  (84*%  yield),  4,5,6,7-dicyclohexanoindan  (44*%  yield)  and  4,6,6,7-dicyclopentano- 
indan  ( 587o  yield). 

2.  We  obtained  for  the  first  time  the  adducts  of  Al-cyclopentenedlcarboxylic-1,2  acid  with  the  alkane- 
dienes  divinyl  (the  anhydride  of  4,7,8,9-tetrahydroindandicarboxylic-8,9  acid,  92*7o  yield),  Isoprene  (the  anhydride 
of  5-methyl-4,7,8,9-tetrahydroindandicarboxylic-8,9  acid,  79*%  yield)  and  2,3-dimethylbutadiene-l,3  (the  anhy¬ 
dride  of  5,6-dlmethyl-4,7,8,9-tetrahydroindandlcarboxyllc-8,9  acid,  78*%  yield). 
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APPLICATION  OF  THE  HAMMETT  EQUATION  TO  THE  IONIZATION 
CONSTANTS  OF  PHOS  P  H  OROORG  A  N IC  ACIDS  IN  7  AND  80*70  ALCOHOL 


T.  A.  Mastryukova,  T.  A.  Melent’eva,  A.  E.  Shipov 
and  M.  I.  Kabachnik 

Institute  of  Heteroorganic  Compounds  Academy  of  Sciences  USSR 


One  of  us  recently  showed  [1]  that  the  Hammett  equation  [2]  Ig—  =  pEo  or  in  another  form,  pK  =  pKj  — 

Kq 

pEo ,  could  be  applied  to  the  ionization  constants  of  phosphorus  acids  of  the  general  type 

A.  /O 
\OH, 

where  the  P  =  0  group  plays  the  part  of  a  conducting  system  similar  to  an  aromatic  ring  in  the  usual  application 
of  the  Hammett  equation  and  A  and  B  may  be  alkyl,  aryl,  alkoxyl  or  hydroxyl  groups,  hydrogen  or  the  O'  ion. 

On  a  large  number  of  phosphorus  acids  it  was  shown  that  for  aqueous  or  bOPJo  alcohol  solution  a  linear  dependence 
of  pK  on  Eo  was  maintained  with  good  correlation  coefficients  (from  0.955  to  0.993).  Taking  hypophosphoric 
acid  (A  =B  =H;  pKg  =  1.00;  Eo  =  0 ),  as  the  standard,  it  was  found  possible  to  calculate  the  constants  a  for  56 
substituents,  the  constants  p  for  the  first  and  second  stages  of  ionization  of  acids  of  this  type  in  water  (0.99  and 
1.788)  and  in  50*70  alcohol  (1.312  and  1.358)  and  the  corresponding  pKo  values. 

In  connection  with  investigations  in  the  field  of  tautomerism  of  phosphoroorganic  compounds  [3],  we 
measured  the  apparent  ionization  constants  of  a  series  of  phosphorus  acids  in  7  and  80*7o  aqueous  alcohol.  It 
seemed  interesting  to  check  how  well  the  Hammett  equation  was  obeyed  in  these  solvents.  This  was  all  the 
more  interesting  as  we  had  determined  the  ionization  constants  of  certain  types  of  phosphorus  acids  which  had 
not  been  measured  previously,  namely  those  of  diary Iphosphinic  (A  =  B  =  Ar)  and  diary Iphosphoric  acids  (A  =  B  = 

=  ArO).  The  results  obtained  are  presented  in  Table  1  together  with  certain  data,  which  we  obtained  previously 
[3]  (marked  with  asterisks). 

The  constants  a  for  aroxy  groups  at  phosphorus  were  unknown.  To  calculate  them  we  determined  the 
apparent  ionization  constants  (pK^  and  pK2)  of  phenyl-  and  diphenylphosphoric  and  also  of  tolyl-  and  ditolyphos- 
phoric  acids  in  50*7o  alcohol,  since  the  p  and  pKg  constants  for  the  ionization  of  phosphorus  acids  in  this  solvent 
can  be  determined  with  high  accuracy  [1].  Results  were  obtained  (Table  2)  from  which  we  calculated  the  average 
values  of  a  for  C5H5O-  and  C7H7O-  groups,  presented  in  the  last  column  of  Table  2. 

The  values  of  a  found  were  used  for  constructing  a  graph  of  pK  f(Eo )  in  7  and  80*7o  alcohol  and  were  made 
more  pcecise  by  allowing  for  data  obtained  in  these  two  solvents.  The  probable  average  values  obtained  finally 
were  as  follows:  for  the  group  CjHjOo  =  —  0.061  ±  0.012  (n  =  7);  for  the  group  CHsCgHiOo  =  —  0.141  ±  0.011 
(n  =  8). 

One  of  us  deduced  the  constants  a  for  phenyl  and  p-tolyl  groups  at  phosphorus  from  the  data  of  Jaffe, 
Freedman  and  Doak  [4],  who  determined  the  ionization  constants  of  phenyl-  and  tolylphosphinic acids  in  water 
and  50*7o  aqueous  alcohol.  The  corresponding  average  values  of  o  were  found  for  CgHg  (-0.481  i  0.010).and  for 
p-CH)C(H4  gi^oups  (0.602  1  0.010).  However,  it  was  found  that  the  use  of  these  o  constants  for  diphenylphosphinic 
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TABLE  1 


Ionization  Constants  of  Some  Phosphorus  Acids 


No. 

Formula 

7%  alcohol 

80%  alcohol 

pK, 

pK, 

pK, 

pK. 

1 

(GH30)2P0()H  * 

1.25 

3.01 

2 

(CzHsOlaPOOH  * 

1.37 

— 

3.15 

— 

3 

(0311,0)21 ’00 H  • 

1.52 

— 

3.29 

— 

4 

CoH501’0(OH)2 

1.46 

6.29 

3.36 

8.71 

5 

(C6ll50)2POOH 

•  •  • 

— 

2.71 

— 

6 

p-Cll3C„H40P0(0H)2 

1.64 

6.45 

3.45 

8.81 

7 

(p-CH3GoH40)2POOH 

1.36 

— 

2.91 

— 

8 

(CIl3)2POOH 

3.13 

— 

5.15 

— 

9 

(C4H„)2P00H 

3.50 

— 

5.63 

— 

10 

(ilso-C4H9)2pOOH 

3.70 

— 

.5.63 

— 

11 

(C6ll5)2P001I 

2.32 

— 

4.24 

— 

12 

(p-Clh(’.6lf4)2POOH 

2.47 

— 

4.45 

— 

13 

(p-ClCoH4)2P001I 

1.68 

— 

3.48 

— 

14 

(p-N02C6H4)2P00n 

— 

2.37 

— 

TABLE  2 

Ionization  Constants  of  Arylphosphoric  Acids  in  607o  Alcohol 


No. 

Formula 

pK 

o* 

9 

(average) 

4 

CcH50P0(01I)2 

2.61 

—0.064 

) 

4 

CoHr,OPO(0-)OH 

7.66 

—0.052 

>  —0.073 

5 

(CeHr.O)2POOH 

2.28 

—0.103 

1 

6 

p-CH3CoH40PO(On)2 

2.69 

—0.125 

1 

6 

P-CI13Cb1I40P0(0-)01I 

7.74 

-0.105 

-0.116 

7 

(p-GH3Coll40)2POOH 

2.32 

—0.118 

1 

or,  correspondingly,  di-p-tolylphosphinic  acids  led  to  a  sharp  deviation  of  the  points  corresponding  to  these  acids 
from  the  linear  dependen<;e  pK  =  pKj  —  pEo  in  7  and  BO^o  alcohol,  which  was  obeyed  well  for  all  the  other  acids. 

To  determine  the  reason  for  this  deviation  we  measured  the  apparent  ionization  constants  of  diphenylphos- 
phinic  and  di-p-tolylphosphinic  acids  in  507o  alcohol.  We  obtained  pK  values  equal  to  3.43  and  3.66  and  a  values 
for  phenyl  and  p-tolyl  groups  of  -0.542  and  -0.629,  respectively.  At  these  values  of  o,  the  points  corresjjonding 
to  diphenyl-  and  di-p-tolylphosphinic  acids  lay  well  on  the  line  of  pK  =  pKg  —  pLa  in  7  and  80%  alcohol.  These 
values  of  o  were  then  made  more  precise  by  allowing  for  the  data  from  measurements  in  7  and  80%  alcohol  and 
finally  the  following  average  probable  values  were  obtained:  for  CgHgO  =  —  0.592  ±  0.017  (n  =  3);  for  P-CH3C8H4O 
=—0.674  4  0.016  (n  =  3).  Thus  the  value  of  o  for  phenyl  or  tolyl  groups  depends  on  the  number  of  these  groups 
at  the  phosphorus  atom  (for  phenyl,  -0.481  with  one  and  -0.592  with  two;  for  tolyl,  -0.602  with  one  and  -0.674 
with  two).  Apparently  this  phenomenon  is  connected  with  the  steric  hindrance  effect  of  two  phenyl  (tolyl)  groups 
at  one  phosphorus  atom.  The  figure  shows  graphs  of  pK  =  pK^  -  pLa  in  7  (1)  and  80%  (11)  alcohol,  constructed 
from  data  in  Table  1  using  the  constants  o  deduced  previously,*  and  the  new  values  found  in  the  present  work 
for  the  groups  CgHsO,  P-CH3C8H4O,  C5H5  and  P-CH3C5H4. 

The  values  of  p,  pKj  and  the  correlation  coefficients  r,  calculated  by  the  method  of  least  squares,  are 
presented  in  Table  3. 


•There  were  printing  errors  in  the  table  of  the  constants  a  in  the  publication  [1].  We  take  this  opportunity  to 
correct  them:  Group  Printed  Correct  value 

iso-C3H7  -0.300  -1.300 

C4H9  -0.219  -1.219 
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TABLE  3 

Values  of  p,  pKg  and  r  for  the  Ionization  Constants  of  Phos- 
phoroorganic  Acids 


Solvent 

(alcohol) 

p 

pKo 

r 

7% 

1.050 

1.01 

0.996 

800/o 

1.219 

2.68 

0.994 

TABLE  4 

Characteristics  of  Phosphoroojganic  Acids  Investigated 


Formula 

Melting 

point 

Neutralization 

equivalent 

Melting  point 
according  to 
literature  data 

found  { 

calcu¬ 

lated 

C6H.OPO(OH)a 

100  —101° 

87.2,  87.3 

1 

87.1 

100-101°  («1 

(G6H60)2P0011 

70  —71 

250.7,  249.7 

250.2 

71  17.«| 

P-CH3C«H4()P0(0H)2 

114  —115 

94.2,  94.2 

94.1 

116  (»1 

P-(GH3C6H40)2P00H  * 

80.5—  81.5 

277.8,  279.0 

278.2 

— 

(CH3)2POOH 

87  —  88.5 

94.6,  94.4 

94.1 

87.5-88.5  (10) 

(C4Hn)2POOH 

70  —  71 

178.4,178.5 

178.2 

70.5-71  [HI 

(  lSO-C4ll„)2POOH 

43  —  45 

177.9.  178.0 

178.2 

43-45  (12) 

(C,H5)2P00H 

192 

218.4,218.4 

218.2 

190-192  (ii) 

(p-CH3C«Il4)2POOH 

132  —133 

246.1,246.0 

246.2 

131-132  («i( 

(P-CICoH4)2GOOH 

133  -134 

287.4,  287.3 

287.0 

1.33-135(15) 

(m-N02G6ll4)2l’00Il 

270  -271 

.308.6,  308.6 

308.2 

268(16- 17) 

Application  of  the  Hammett  equation 
to  the  ionization  constants  of  phos- 
phoroorganic  acids  in  7  and  80% alcohol. 


EXPERIMENT  A  L 


The  pK  values  were  determined  by  measuring  the  pH 
of  partially  neutralized  solutions  (30,  50  and  70%  neutraliza¬ 
tion),  using  a  glass  electrode  and  the  tube  potentiometers 
LP-5  and  LP-51  with  calibration  according  to  a  biphthalate 
buffer  with  pH  4.00.  No  correction  was  introduced  for  the 
change  in  activity  in  going  from  water  to  80%  alcohol.  The 
concentration  of  the  solutions  measured  was  5*  10”*  M  (ionic 
strength  of  solution  did  not  exceed  0,025).  The  temperature 
was  20*.  The  value  of  pK  was  calculated  according  toKumler’s 

Kw 

formula  [5]  in  which  theterm  — -  is  neglected. 

H"^ 


The  distilled  water  was  additionally  purified  by  passage 
through  two  columns  with  anion  and  cation  exchange  resins 
(type  MMG-1  and  MSF).  The  alcohol  was  purified  in  the  usual 
way.  The  acids  investigated  were  synthesized  and  purified 
according  to  the  methods  described  for  them.  Table  4  gives 
the  melting  points  and  neutralization  equivalents  of  the  acids 
used  in  comparison  with  literature  data. 
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SUMMARY 


1.  From  a  determination  of  the  ionization  constants  of  a  series  of  phosphorus  acids  in  7  and  80%  alcohol 
it  was  established  that  in  accordance  with  the  Hammett  equation  the  indices  of  the  ionization  constant  bore  a 
linear  relationship  to  the  constants  o ,  deduced  previously  and  specific  for  phosphoroorganic  compounds. 

2.  The  constants  o  were  determined  for  CgHsO  and  p-CH8CjH40  groups  at  a  phosphorus  atom. 

LITERATURE  CITED 

[1]  M.  I.  Kabachnik,  Proc.  Acad.  Sci.  USSR,  110,  393  (1966). 

[2]  H.  H.  Jaff^  ,  Chem.  Revs.  63,  191  (1963). 

[3]  M.  I.  Kabachnik,  S.  T.  Ioffe  and  T.  A.  Mastryukova,  J.  Gen.  Chem.  26  ,  684  (1966).* 

[4]  H.  H.  Jaffe,  L.  D.  Freedman  and  I.  O.  Doak,  J.  Am.  Chem.  Soc.  76,  2209  (1963). 

[6]  D.  W.  Kumler,  J.  Am.  Chem.  Soc.  60,  869  (1938). 

[6]  J.  D.  Chanley  and  E.  Feageson,  J.  Am.  Chem.  Soc.  77,  4002  (1966). 

[7]  M.  M.  Davis  and  H.  B.  Hetzer,  J.  Res.  Nation.  Bur.  Stand.  64,  2693  (1966). 

[8]  P.  Brigl  and  H.  Muller,  Ber.  72,  2121  (1939). 

[9]  Rapp,  Lieb.  Ann.  224,  166  (1884). 

[10]  M.  I.  Kabachnik  and  E.  S.  Shepeleva,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.  1949  ,  66. 

[11]  G.  M.  Kosolapoff  and  R.  M.  Watson,].  Am.  Chem.  Soc.  73,  4101  (1961). 

[12]  A.  R.  Stiles,  F.  F.  Rust  and  W.  E.  Vaughan,  J.  Am.  Chem.  Soc.  74  ,  3282  (1962). 

[13]  W.  A.  Higgins,  P.  W.  Vogel  and  W.  G.  Craig,  J.  Am.  Chem.  Soc.  77,  1864  (1966). 

[14]  G.  M.  Kosolapoff,  J.  Am.  Chem.  Soc.  71,  369(1949). 

[16]  G.  M.  Kosolapoff,  J.  Am.  Chem.  Soc.  64,  2982  (1942). 

[16]  C.  Dorken,  Ber.  21,  1606  (1888). 

[17]  I.  O.  Doak  and  L.  D.  Freedman,  J.  Am.  Chem.  Soc.  73,  6668  (1961). 

Received  March  10,  1968 


•  Original  Russian  pagination.  See  C.  B.  Translation. 


2148 


ORGANOPHOSPHORUS  INSECTICIDE? 


VI.  AMIDOESTERS  OF  THIOPHOSPHORIC  AND  DITHIOPHOSPHORIC  ACIDS 
CONTAINING  THE  6  -ETHYLMERCAPTOETHYL  GROUPING 

•  M.  I.  Kabachnik,  N.  N.  Godovikov,  D.  M.  Paikln, 
M.  P.  Shabanova,  L.  F.  Efimova  and  N.  M.  Gamper 
Institute  of  Heteroorganic  Compounds  Academy  of  Sciences  USSR 


The  insecticide  properties  of  amides  of  phosphoric  and  thiophosphoric  acids  were  discovered  in  1936  by 
G.  Schrader  [1],  who  synthesized  a  series  of  derivatives  of  dialkylamidophosphoric  and  dialkylamidothiophosphoric 
R^N  .0(S) 

acids  of  the  type  •  where  R  and  R’  are  alkyls  and  Ac  is  a  substituent  of  an  acyl  character  such 

R'Q/  \Ac 

as  Cl,  F,  CN,  CNO,  CH3COO  etc.  These  compounds  had  a  contact  insecticide  action.  Tetraalkyldiamidofluoro- 
phosphates  and  octamethyltetraamidopyrophosphates  were  then  prepared  [1]  and  these  compounds  were  insecti¬ 
cides  with  a  strong  systemic  action.  Subsequently  a  series  of  authors  synthesized  a  large  number  of  amidoesters 
of  phosphoric  and  thiophosphoric  acids,  containing  substituted  phenyl  [1,  2],  azide  [3]  and  other  [4,  5]  groups. 

In  addition,  a  series  of  amides  and  amidoesters  of  pyrophosphoric  acid  were  prepared  [6,  7]. 

Most  insecticides,  amides  of  phosphorus  acids,  are  characterized  by  a  weak  contact  and  a  strong  systemic 
action.  Such  systemic  insecticides  as  tetramethyldiamidofluorophosphate  (Dimefox  [1]),  diisopropyldiamidofluoro 
phosphate  (Isopestox  [8])  and  octamethyltetraamidopyrophosphate  (Octamethyl  [1])  have  found  practical  applica¬ 
tion. 


On  the  other  hand,  it  is  known  that  insecticides  that  are  derivatives  of  thiophosphoric  and  dithiophosphoric 
acids,  containing  the  6  -alkylmercaptoethyl  grouping,  such  as  Mercaptophos  [9]  (a  mixture  of  0,0-diethyl-0-6 - 
ethylmercaptoethylthiophosphate  and  0,0-diethyl-S-5  -ethylmercaptoethylthiophosphate),  the  preparation  M-81 
[10](OyO“dimethyl-S-e -ethylmercaptoethykiUhiophosphate)  etc,  also  have  a  strong  systemic  action. 

It  seemed  interesting  to  prepare  and  investigate  the  insecticide  activity  of  amidoesters  oF  thiophosphoric 
and  dithiophosphoric  acids,  containing  the  0  -ethylmercaptoethyl  grouping.  It  was  to  be  expected  that  compounds 
of  this  type  would  also  have  a  strong  systemic  action. 

Until  now,  amidoesters  of  thiophosphoric  acid  and  dithiophosphoric  acid  containing  a  6 -ethylmercaptoethyl 
grouping  were  unknown.  There  are  only  descriptions  of  some  amidoesters  of  phosphoric  acid  containing  0  -methyl 
mercaptoethyl  [11]  and  0 -ethylmercaptoethyl  groupings  [12].  There  is  no  detailed  information  in  the  literature 
on  the  insecticide  properties  of  these  compounds. 

As  starting  materials  for  the  synthesis  of  amidoesters  of  thiophosphoric  and  dithiophosphoric  acids  contain¬ 
ing  a  0  -ethylmercaptoethyl  grouping  we  used  ethyl  dimethylamidochlorothionephosphate  (I),  ethyl  diethyl- 
amidochlorothionephosphate  (II)  and  tetramethyldiamidochlorothionephosphate  (III).  The  first  two  acid  chlorides 
were  obtained  by  the  action  of  dimethylamine  or  diethylamine  on  ethyl  dichlorothionephosphate 

+  2R2N II  =  >P<f  4-  RjN  H  .  HCl 

\C1  \C1 

(1)  R  =  CII,;  (II)  R  =  C.H, 
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TABLE  1 

Constants  and  Yields  of  Insecticides  Obtained 


1  «-* 

Boiling  point 
(pressure  in  mm) 

MRd  1 

1 - 

1 

is  A 

1^ 
■3s  0 

Formula 

«20 

•*4 

found 

calcu“^ 

lated 

Yield 
(in  70) 

Gd-50 

(CH,),N  S 

>P\ 

112—114(2.5) 

1.5015 

1.1091 

68.52 

68.93 

49 

Gd-52 

C,H,0  0C,H,8C,H, 

(C.H,),N  S 

>P< 

118—120(2) 

1.4972 

1.0779 

77.54 

78.17 

24 

Gd-53 

C,H,0  0C,H4SC,H, 

(CH,),N  0 

>P\ 

122-123(2.5) 

1.5100 

1.1272 

68.28 

68.64 

64 

Gd-54 

.  C,H,0  SC,H,SC,Hn 

(C,H4),N  0 

/**'( 

142-143  (3) 

1.5046 

1.0884 

77.51 

77.54 

61 

Gd-55 

C,H,0  SC,H,SC,H5 

(CHJ,N  S 

136—1.37  (2.5) 

1.5501 

1.1409 

76.36 

76.31 

42- 

Gd-56 

CjHjO  SCjHiSCjH, 

(C,H5),N  S 

X 

13.3-134  (2) 

1.5430 

1.1113 

85.60 

85.64 

32 

Gd-64 

C,H,0  SCjH.SCtH, 

(CH,),N  6 

1’05— 106(1..5) 

1.5151 

1.1008 

70.25 

70.23 

50 

Gd-66 

(CH,),N  OCiH.SCjH, 

(CHjIjN  0 

>\ 

103—104(1) 

1.5208 

1.1165 

69.90 

69.93 

72 

(CHj),N  SCjH.SCjH, 

Tetramethyldiamidochlorothiophosphate  was  synthesized  both  by  the  reaction  of  dimethylamine  with 
phosphorus  thiotrichloride, 


PSCI3  -i-4(GH3)2NH  =  l(CH3)2N)2PSCl-f  2(CH3)2NH  •  HCI, 

(III) 

and  by  heating  tetramethyldiamidochlorophosphate  with  phosphorus  pentasulfide  by  a  method  analogous  to  that 
we  developed  for  the  preparation  of  acid  chlorides  of  thiophosphinic  acids  [13]: 


^(CH3)2N^^^^0 
(CH3)2N/  '^Cl 


(CH3)2N.  ,S 
+  P2S5  =  5  }P^ 

(CH3)2N/  \ 


Cl 


+  P205 


By  the  action  of  6  -hydroxydiethyl  sulfide  on  the  acid  chlorides  described  above  in  the  presence  of 
powdered  sodium  hydroxide  we  synthesized  O-ethyl-OB -ethylmercaptoethyldimethylamidothlophosphate  (Gd-50), 
O-ethyl-O-8  -ethylmercaptoethyldiethylamidothiophosphate  (Gd-52)  and  06  -ethylmercaptoethyltetramethyl- 
diamidothiophosphate  (Gd-64). 


R2N 

C2H5O 


\p^ 


S 

Cl 


-f  C2H5SC^H40H  4-  NaOH  = 


R2N.  ,S 

>P<f  +  NaCl  4-  H2O 

C2H5O/  \OC2H4SC2H5 

R  =  CH,  (Gd-50);  R  =  C.Hj  (Gd42). 


(CH3)2N.  /S  (CH3)2N.  /S 

\p<f  -f  C2II5SC2H4OH +  NaOH  =  yp<f  4-NaC14-H20 

(CH3)2N/  \C1  (CH3)2N/  \OC2H4SC2H5 

(Gd-64) 
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TABLE  2 


Comparative  Toxicity  of  Compounds  for  Muchnistyi  Chervets  and  Bugs  of 
Vrednii  Cherepashki  by  Contact  Action 


Muchnistyi 

chervets 

VrcdnU 

cherepashki 

Labora¬ 

tory 

number 

Formula 

U5h-ioo» 

dead, 
paralyzed 
in  7  days 

morti  autumn 
bugs  from 
emuls.  0.006% 
cone,  in  7  days 

0d50 

(CH,),N  S 

/^\ 

>  0.5 

0 

Gd-52 

C,H,0  OCjH.SC.H, 

(C,H,),N  S 

0.5 

Gd-53 

C,H,0  OC,H.SC,H, 

(CH,),N  0 

>P\ 

>0.5 

25.0 

Gd-54 

C,H,0  SC,H,SC,H, 

(C,H,),N  0 

>P\ 

0.5 

27.5 

Gd-55 

C,H,0  SC,H,SC,H, 

(CHa),N  S 

>P^ 

0.3 

'  45.0 

Gd-56 

CjlIjO  SCjH.SCjH. 

(C,H,),N 

)l’\ 

0.3 

90.0 

Gd-64 

C,H,0  SCjH.SC.H, 

(CH,),N  S 

>»< 

0.5 

Gd66 

(CH,),N  OCjH.SC.H. 

(CH,),N  0 

<0.5 

Thiophos 

(CHjIjN  sc,h,sc,h, 

CtHsO  S 

_ 

0.03 

100* 

C,H,0  0-^ _ 5^-NO, 

When  heated  at  160-170*  for  8-10  hours,  the  compounds  obtained  were  isomerized  into  O-ethyl-S-8- 
ethylmercaptoethyldimethylamidothiophosphate  (Gd-53),  O^ethyl-S -8  -ethylmercaptoethyldiethylamidothio- 
phosphate  (Gd-54)  and  S-8 -ethylmercaptoethyltetramethyldiamidothiophosphate  (Gd-66),  respectively. 


R2N 


CzIIjO 


\p/^ 

/  \ 


S 

OCaH^SCjHs 


160-1^ 

CaHsO/  \SG2H4SC2H5 
R  =  CH,  rGd53);  R  =  C,H,  (Gd-54) 


(CH3)2N^^^^S  160—170'’  (CH3)2N\^^^0 

(CH3)2N/  \0C2II4SC2H5  ^  (GH3)2N^  \SG2H4SG2Il6 

Gd-e6) 


In  addition,  by  the  reaction  of  ethyl  dimethylamidochlorothionephosphate  and  ethyl  diethylamidochloro- 
thionephosphate  with  the  sodium  derivative  of  8 -mercaptodiethyl  sulfide  we  obtained  O-ethyl-S-8 -ethylmer- 
captoethyldimethylamidodithiophosphate  (Gd-55)  and  Oethyl-S-8  -ethylmercaptoethyldiethylamldodlthiophos- 
phate  (Gd-56). 

R2^X  R2N\  /S 

>P<f  +G2H5SG.,H4SNa=  >P<f  +  NaCl 

G2H5O/  ^G1  C2H5O/  \SG2H4SG2II5 

R  =  CH,  (Cd-55);  R  =  C,II,  (pd-56) 
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TABLE  3 


Comparative  Evaluation  of  Systemic  Action  of  Compounds  Against  Arachnoid  Mites  and 
Bugs  of  Vrednii  Cherepashki  (emulsion  concentration  0.05) 


Arachnoid  mites 

Vrednii 

cherepashki 

jO 

E 

a 

fall  in  number  of  mites  as  % 
orig.  number  with  control 

correction 

a 

er 

o 

cd 

S 

Formula 

1 

1 

5 

10 

15 

j 

20 

i 

%  mort; 
autumn  bugs 
fed  on  wheat 
wetted  with 
0.6%  emuls. 

1 

Gd-50 

(cn,),N  s 

CjH.O  OC,H,SC,H, 

1 

n 

0 

0 

0 

0 

0 

Gd-52 

(G,H.),N  S 

>\ 

C,H,0  OC,H,SC,H, 

30.1 

26.1 

19.6 

18.1 

10.5 

— 

Gd-53 

(Cn,),N  O 

>\ 

C,HsO  SC,H,SC,H, 

66.0 

79.2 

88.6 

83.6 

66.3 

12.5 

Gd-54 

(C,H.),N  O 

/»’\ 

C,TI,0  SC,H<SC,H, 

66.5 

89.3 

97.7 

95.9 

90.7 

12.5 

Gd-55 

(CH,),N  S 

>\ 

c,H,o  sc,n,sc,ii. 

33.3 

46.6 

51.1 

46.2 

— 

37.5 

Gd-r)fi 

(C,H.),N  S 

G.H.O  Sr.ll.SCJI. 

64.4 

91.3 

99.1 

95.3 

1M).2 

30.0 

Gd-64 

(CH,),N  S 

X 

(CH,),N  OC,H,SC,II, 

4.0 

22.7 

18.6  1 

0 

1 

10.0 

Gd»f.6 

(CH,),N  0 

(CII,),N  SC,H,SC,H» 

4.6 

17.5 
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The  constants  and  yields  of  the  new  insecticides  obtained  are  presented  in  Table  1. 

The  compounds  synthesized  were  studied  in  laboratory  experiments  as  contact  and  systemic  insecticides 
and  acaricides.  They  were  used  in  the  form  of  emulsions,  prepared  from  30%  concentrates  containing  30%  of  the 
active  substance  and  70%  of  the  auxiliary  substance  OP- 7,  In  all  experiments  the  concentrations  of  the  working 
emulsions  are  given  as  the  active  principle. 

As  previously  [10],  the  contact  action  of  the  compounds  was  investigated  on  thelarvaeof  muchnistyi 
chervets  (Pseudococcus  maritimus  Ehrh.)  at  an  advanced  stage  by  spraying  the  insects  and  on  autumn  bugs  of 
vrednii  cherepashki  (Eurygaster  integriceps  Put.)  by  immersing  them  in  the  emulsion  for  5  seconds.  A  compara¬ 
tive  evaluation  of  the  toxicity  of  the  compounds  was  carried  out  for  muchnistyi  chervets  through  concentrations 
producing  95-100%  dead  and  paralyzed  insects  (LD95  —100)  seventh  day  and  for  bugs  of  vrednii  cherepashki 

through  the  mortality  of  the  Insects  (in  %)  from  an  emulsion  of  0.005%  concentration  on  the  fifth  day.  The  data 
of  the  experiments  are  shown  in  Table  2,  which  shows  that  the  amidoesters  of  thlophosphorlc  and  dithlophosphoric 
acids  tested  were  weak  contact  insecticides  for  muchnistyi  chervets  for  which  LD95_iQg  equalled  0.3-0. 5%,  while 
Thiophos  gives  the  same  effect  at  a  concentration  of  0.03%. 

The  compound  Gd-56  was  found  to  be  quite  active  against  the  bugs  of  vrednii  cherepashki  and  at  a  con¬ 
centration  of  0.005%  it  produced  90%  mortality  of  the  insects,  while  Thiophos  at  a  concentration  of  0.0025% 
produced  97.5%  mortality. 

The  same  table  shows  that  the  derivatives  of  dithlophosphoric  acid  (Gd-55  and  Gd-56)  were  more  toxic 
as  contact  insecticides  than  the  derivatives  of  thlophosphorlc  acid.  Of  the  two  amidoesters  named  above, 
against  bugs  of  vrednii  cherepashki, compound  Gd-56,  containing  a  diethylamido  group,  was  twice  as  toxic  as 
compound  Gd-55,  containing  a  dlmethylamldo  group.  No  difference  between  the  latter  compounds  appeared 
againstthe  larvae  of  muchnistyi  chervets  but  with  other  compounds  (Gd-60  and  Gd-52,  Gd-53  and  Gd-54)  a  cer¬ 
tain  tendency  for  a  higher  toxicity  was  noticed  on  replacement  of  a  dimethylamide  group  by  a  diethylamide 
group. 

A  laboratory  study  of  the  systemic  action  of  the  compounds  was  made  on  autumn  bugs  of  vrednii  chere¬ 
pashki  fed  on  grain  sprouts  grown  from  grain  wetted  with  0.6%  emulsions  and  also  arachnoid  mites  (Tetranychus 
urticae  Koch.)  by  spraying  bean  plants.  In  these  experiments,  bean  plants  populated  by  mites  were  sprayed  with 
emulsions  of  0.05%  concentration.  The  results  of  the  experiments  are  expressed  in  mortality  (in  %)  of  bugs  of 
vrednii  cherepashki  on  the  fifth  day  after  implantation  on  three-day  old  shoots  and  in  the  fall  in  the  number  of 
mites  as  a  percentage  of  the  original  number  with  a  correction  for  the  control  (on  the  counting  days). 

The  data  obtained  are  presented  in  Table  3,  which  shows  that  certain  amidoesters  of  thlophosphorlc  and 
dithlophosphoric  acids  were  active  systemic  acaricides.  Of  the  substances  containing  the  diethylamide  grouping, 
compounds  Gd-54  and  Gd-56  were  toxic  to  mites.  On  plants  sprayed  with  emulsions  of  these  compounds,  a  con¬ 
siderable  fall  in  the  number  of  mites  was  produced  during  a  total  of  20  days  observation.  In  the  experiments 
carried  out,  the  compounds  Gd-54  and  Gd-56  were  similar  in  action  against  mites  but  neither  was  as  good  as 
Mercaptophos;  compound  Gd-52  was  characterized  by  very  weak  action. 

Amidoesters  containing  the  dimethylamido  grouping  (Gd-50,  Gd-53  and  Gd-55)  on  the  whole  were  the  least 
active  acaricides,  and  the  substance  of  the  thiol  type,  Gd-53,  most  toxic,  but  its  thione  isomer,  Gd-50,  was  found 
to  be  completely  inactive  against  mites. 

Testing  the  amidoesters  as  systemic  insecticides  on  bugs  of  vrednii  cherepashki  did  not  give  successful 
results.  The  highest  mortality  of  the  bugs,  obtained  by  using  amidoesters  of  dithlophosphoric  acid  (Gd-55  and 
Gd-56),  did  not  exceed  37.5  and  30%  while  under  the  action  of  the  standard  preparation  M-74,  the  mortality 
of  the  insects  reached  91. S%. 

The  tetramethyldiamides  of  thlophosphorlc  acid  (Gd-64  and  Gd-66)  showed  very  weak  action  both  on 
arachnoid  mites  and  on  the  bugs  of  vrednii  cherepashki. 

Thus,  on  the  basis  of  the  material  obtaj.ned  it' can  be  said  that  certain  of  the  amidoesters  obtained,  such 
as  Gd-53,  Gd-54  and  Gd-56, for  example,  are  active  systemic  acaricides  and  deserve  further  study. 
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EXPERIMENTAL 


Ethyl  Dimethylamidochlorothionephosphate.  Through  a  solution  of  36  g  (0.2  mole)  of  ethyl  dichloroUiione 
phosphate  in  50  ml  of  absolute  ether  was  passed  a  stream  of  dimethylamine  (18  g,  0.4  mole)  at  -5-0".  The  mix¬ 
ture  was  stirred  at  room  temperature  for  1  hour  and  then  the  dimethylamine  hydrochloride  removed,  the  ether 
evaporated  and  the  residue  vacuum  distilled.  We  obtained  30.1  g  (79%)  of  ethyl  dimethylamidochlorothione- 
phosphate. 

B.p.  72-73*  (3  mm).  r^®D  1.4972,  d**®  1.2008,  MRd  45.74;  calc.  46.05. 

Literature  data  [1]:  b.p.  69*  (3  mm). 

Ethyl  Diethylamidochlorothionephosphate.  To  a  solution  of  36  g  (0.2  mole)  of  ethyl  dichlorothionephosphate 
in  130  ml  of  absolute  ether  was  slowly  added  diethylamine  (29.2  g,  0.4  mole)  at  -10  to  -15".  The  temperature 
was  then  slowly  raised  to  that  of  the  room  and  the  mixture  heated  at  35*  for  1  hour.  The  diethylamine  hydro¬ 
chloride  was  removed,  the  ether  evaporated  and  the  residue  vacuum  distilled.  We  obtained  20.8  g  (48%)  of  ethyl 
diethylamidochlorothionephosphate: 

B.p.  105-106*  (10  mm),  n*®D  1.4931,  d4*®  1.1352,  MRd  65.29;  calc.  55.27. 

Found  %:  C  33.25,  33.18;  H  7.05,  7.12;  P  14.51, 14.63;  CjHigONPSCl.  Calculated  %:  C  33.41;  H  7.01; 

P  14.36. 

Tetramethyldiamidochlorothiophosphate.  a)  Through  a  solution  of  85  g  (0.5  mole)  of  phosphorus  thiotri- 
chloride  in  500  ml  of  absolute  ether  was  passed  a  stream  of  dimethylamine  (90  g,  2  moles)  at  0-5",  The  mixture 
was  stirred  at  room  temperature  for  1  hour  and  then  the  dimethylamine  hydrochloride  removed,  the  ether  eva¬ 
porated  and  the  residue  vacuum  distilled  from  a  Claisen  flask  with  a  long  reflux  head.  We  obtained  51  g  (56%) 
of  tetramethyldiamidochlorothiophosphate. 

B.p.  57-58*  (1  mm),  n^’D  1.5229;  b.p,  22*  (from  ligroln). 

Literature  data  [14]:  b.p.  90"  (2.5  mm). 

Found  %:  C  25.69,  25.61;  H  6.51,  6.61;  P  16.35,  16.56.  CuHijNPSCl.  Calculated  %:  C  25.74;  H  6.48; 

P  16.61. 

b)  26  g  of  tetramethyldiamidochlorophosphate  [15]  and  8.5  g  of  PjSg  were  heated  in  a  stream  of  nitrogen 
at  150-160"  for  5  hours  and  then  the  mixture  was  vacuum  distilled  in  a  stream  of  nitrogen.  We  obtained  15  g 
of  substance  with  b.p.  50-70’  (8  mm).  A  second  distillation  yielded  11.6  g  (43%)  of  tetramethyldiamidochloro- 
thiophosphate  with  b.p.  52-53’  (0.8  mm);  and  m.p.  21.5*.  A  mixed  melting  point  with  the  substance  obtained 
by  method  "a"  was  not  depressed. 

0  -Mercaptodiethyl  sulfide  was  obtained  by  the  method  of  Frank  and  Smith  [16].  600  g  of  40%  hydrobromic 
acid,  106  g  (1  mole)  of  6 -hydroxydiethyl  sulfide  and  76  g(l  mole)  of  thiourea  were  boiled  for  10  hours  and  then 
a  solution  of  120  g  of  sodium  hydroxide  in  300  ml  of  water  was  carefully  added  and  the  mixture  heated  in  a 
stream  of  nitrogen  for  3  hours.  The  upper  oily  layer  was  then  separated,  the  lower  layer  extracted  with  ether 
and  the  ether  extracts  combined  with  the  oily  layer  and  dried  with  sodium  sulfate.  The  ether  was  removed  and 
the  residue  vacuum  distilled.  We  obtained  81  g(66%)  of  0 -mercaptodiethyl  sulfide. 

B.p.  69-70’  (13  mm),  n*®D  1.5281,  d4*®  1.0381,  MRd  36.19;  calc.  36.36. 

Literature  data  [17]:  b.p.  37"  (0.6  mm). 

O-Ethyl-O-0  -ethylmercaptoethyldimethylamidothiophosphate  (Gd-50),  To  4  g  (0.1  mole)  of  powdered 
sodium  hydroxide  was  added  10.6  g(0.1  mole)  of  0 -hydroxydiethyl  sulfide  and  the  mixture  stirred  for  15  minutes 
after  which  50  ml  of  absolute  benzene  was  added  and  18.7  g(0.1  mole)  of  ethyl  dimethylamidochlorothionephos- 
phate  then  introduced  slowly  at  +15".  The  temperature  was  then  raised  to  70*  and  the  mixture  heated  at  this 
temperature  for  1  hour.  The  sodium  chloride  was  removed,  the  henzene  evaporated  and  the  residue  vacuum 
distilled.  We  obtained  12.6  g  (49%)  of  O-ethyl-O-6  -ethylmercaptoethyldimethylamidothiophosphate: 

B.p.  112-114"  (2.5  mm),  n*®D  1.5015,  d^*®  1.1091,  MRd  68.52;  calc,  68.93. 

Found  %:  C  37.32,  37.52;  H  7.94,  7.88;  P  11.84,  11.57;  S  24.83,  25.01.  CgHjoO^NPS,.  Calculated  %: 

C  37.33;  H  7.83;  P  11.76;  S  24.92. 
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By  an  analogous  method  we  obtained  the  two  following  preparations. 

O-Ethyl-O-6 -ethylmercaptoethyldiethylamidothiophosphate  (Gd-52)  in  24%  yield: 

B.p.  118-120"  (2  mm),  n*®D  1.4972,  d^*®  1.0779,  MRp  77.54;  calc.  78.17. 

Found  %:  C  42.14,  42.28;  H  8.39,  8.45;  P  10.52,  10.63;  S  22.97,  23.00.  CioHMOiNPS,.  Calculated  %:  C 
42.08;  H  8.48;  P  10.85;  S  22.47. 

0-0 -Ethylmercaptoethyltetramethyldiamidothiophosphate  (Gd-64)  in  50%  yield: 

B.p.  105-106"  (1.5  mm),  n*®D  1.5151,  di*®  1.1008,  MRd  70.25;  calc.  70.23. 

Found  %:  C  37.28,  37.44;  H  8.33,  8.18;  P  12.12,  12.08;  S  25.11.  C,H,iON,PS,.  Calculated  %:  C  37.47; 

H  8.26;  P  12.08;  S  2501. 

O-Ethyl-S -B  -ethylmercaptoethyldimethylamidothiophosphate  (Gd-53).  25.7  g(0.1  mole)  of  O-ethyl-O-fl- 
ethylmercaptoethyldimcthylamidothiophosphate  was  heated  in  a  stream  of  nitrogen  for  10  hours  at  150-160" 

(until  the  refractive  index  ceased  to  change)  and  the  isomerization  product  was  vacuum  distilled.  We  obtained 
16.5  g(64%)  of  O-ethyl-S-B -ethylmercaptoethyldimethylamidothiophosphate: 

B.p.  122-123"  (2.5  mm),  n*®D  1.5100,  d4*®  1.1272,  MRd  68.28;  calc.  68.64. 

Found  %:  C  37.10,  37.23;  H  7.76,  7.79;  P  11.65,  11.83;  S  24.86,  25.12.  Cgi^oOiNPS,.  Calculated  %: 

C  37.33;  H  7.83;  P  11.76;  S  24.92. 

By  an  analogous  method  we  obtained  the  two  following  preparations. 

O-Ethyl-S-0 -ethylmercaptoethyldiethylamidothiophosphate  (Gd-54)  in  61%  yield: 

B.p.  142-143"  (3  mm),  n*®D  1.5046,  d/®  1.0884,  MRd  77.51;  calc.  77.87. 

Found  %:  C  41.99,  42.00;  H  8.41,  8.39;  P  10.30,  10.35;  S  23.05,  23.12.  CioHmO^NPS,.  Calculated  %: 

C  42.08;  H  8.48;  P  10.85;  S  22.47. 

S-0 -Ethylmercaptoethyltetramethyldiamidothiophosphate  (Gd-66)  in  72%  yield: 

B.p.  103-104"  (1  mm).  n*®D  1.5208,  d4*®  1.1165,  MRd  69.90;  calc.  69.93. 

Found  %:  C  37.43  ,  37.64;  H  8.29,  8.29;  P  12.37,  12.19;  S  24.97,  25.05.  Cgi^oOl^PS,.  Calculated  %: 

C  37.47;  H  8.20;  P  12.08;  S  25.01. 

O-Ethyl-S-0 -ethylmercaptoethyldimethylamidodithiophosphate  (Gd-55).  To  sodium  methylate,  obtained 
from  2.3  g  (0.1  g-at.)  of  sodium  and  50  ml  of  anhydrous  methyl  alcohol,  was  added  12.2  g  (0.1  mole)  of  0-mer- 
captodiethyl  sulfide,  then  the  alcohol  was  removed  by  distillation  and  50  ml  of  anhydrous  benzene  added  followed 
by  18.7  g(0.1  mole)  of  ethyl  dimethylamidochlorothionephosphate  in  small  portions.  The  mixture  was  heated 
for  1  hour  at  70"  then  water  added,  the  benzene  layer  separated,  the  aqueous  layer  extracted  with  ether,  the  ether 
extracts  combined  with  the  benzene  layer  and  the  mixture  dried  over  sodium  sulfate.  After  removal  of  the  sol¬ 
vent,  the  residue  was  vacuum  distilled.  We  obtained  11.5  g(42%)  of  O-ethyl-S-ethylmercaptoethyldimethyl- 
am  idod  ithio  phosph  ate : 

B.p.  136-137"  (2.5  mm),  n*®D  1.5501,  c^**®  1.1409,  MRd  76.36;  calc.  76.31. 

Found  %:  C  35.24,  35.26;  H  7.42,  7.47;  P  10.74,  11.04;  S  35.11,  34.88.  CgHjoONPSj.  Calculated  %: 

C  35.18;  H  7.37;  P  11.33;  S  35.18. 

O-Ethyl-S -0 -ethylmercaptoethyldiethylamidodithiophosphate  (Gd-56)  was  obtained  in  32%  yield  by  a 
method  analogous  to  that  described  above: 

B.p.  133-134"  (2  mm),  n*®D  1.5430,  d4*®  1.1113,  MRd  85.60;  calc.  85.64. 

Found  %:  C  39.89,  39.79;  H  8.08,  7.98;  P  10.54,  10.51;  S  31.98,  32.15.  C10H14ONPS3.  Calculated  %: 

C  39.84;  H  8.02;  P  10.27;  S  31.91. 
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SUMMARY 


1.  Wc  synthesized  a  series  of  derivatives  of  O-ethyldialkylamldothiophosphorlc,  O-ethyldialkylamldodlthio- 
phosphoric  and  tetramcthyldiamidothlophosphorlc  acids  containing  the  B -ethylmercaptoethyl  grouping. 

2.  It  was  shown  that  on  heating  tetramethyldiamldochlorophosphate  with  PjS;;  replacement  of  the  oxygen 
atom  by  sulfur  occurred  with  the  formation  of  tetramethyldiamidothiophosphate. 

3.  The  compounds  synthesized  were  tested  in  the  laboratory  as  insecticides  and  acarlcides  on  bugs  of 
vrednll  cherepashki,  nuichnistyi  chervets  and  arachnoid  mites. 

4.  Certain  of  the  amidoesters  of  thiophosphoric  and  dithiophosphoric  acids  (Gd-53,  Gd-64  and  Gd-56) 
were  found  to  be  active  systemic  acarlcides  against  arachnoid  mites. 
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REACTIONS  OF  4-BROMO-  AND  4  -  H  YDROX  Y -2  ,2 ,6 .5 -T  ET  RA - 
A  LKYLFURANIDONES  -  3 

I.  K.  Korobitsyna,  I.  G.  Zhukova  and  Yu.  K.  Yur'ev 
Moscow  State  University 

The  low  reactivity  of  the  bromine  in  4-bromo-2,2,6,6-tetraalkylfuranidones-3  sharply  distinguishes  these 
compounds  from  a-bromoketones  of  the  aliphatic  and  alicyclic  series.  Thus,  the  bromine  in  4-bromo-’2,2,5,5- 
tetramethylfuranidone-3  is  not  replaced  by  a  hydroxyl  group  (on  hydrolysis  with  solutions  of  sodium  and  potassium 
carbonates),  by  iodine  (on  treatment  with  potassium  iodide),  by  a  thiocyano  group  (when  heated  with  potassium 
thiocyanate)  or  by  an  amino  group  (when  treated  with  ammonia);  only  the  reaction  with  sodium  cyanide  gave  a 
good  yield  of  the  corresponding  nitrile  [1,  2]. 

We  attempted  to  use  such  halides  for  the  synthesis  of  condensed  systems  containing  furanidine  and  thiazole 
rings,  but  it  was  found  that  4-bromo-  and  4-chloro-2,2,5,5-tetramethylfuranidone-3  and  also  4-bromo-2,2,5,5- 
bis-(pentamethylenefutanidone-3)  would  not  react  with  thioacetamide,  thiourea  or  ammonium  thiocyanate.  We 
were  also  unsuccessful  in  an  attempt  to  replace  bromine  in  these  bromoketones  by  a  mercapto  group  by  the  action 
of  anhydrous  sodium  sulfide;  when  4-bromo -2 ,2,6,5 -tetraalkylfuranidones -3  were  heated  with  crystalline  sodium 
sulfide  at  136-140*,  hydrogen  bromide  was  readily  eliminated  and  condensation  occurred  with  the  formation  of 
an  unsaturated  y -diketone,  containing  two  furanidine  rings*. 
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(I)R  =  R'  =  CH,;  (II)R  =  CH„  R' =  C,IU:  (III) 


Hydrogenation  of  (I)  in  the  presence  of  Raney  nickel  yielded  a  saturated  y -diketone  (IV),  di-(2,2,6,6-tetra- 
methylfuranidon-3-yl-4),  which  reacted  with  aniline  to  form  the  dianil  (V). 
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•Compound  (I)  was  obtained  by  Richet  [2]  (10*70  yield)  by  the  hydrolysis  qf  4-bromo-2,2,5,5-tetramethylfurani- 
done-3  with  sodium  carbonate. 
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We  then  used4-hy<iroxy-l},2,5,5**tetraalkylfuranldones-S  (VI>[3]  for  the  synthesis  of  nitrogen  heterocyclic  sys¬ 
tems  containing  a  furanidine  ring  and  established  that  the  former  reacted  with  thiourea  giving  the  corresponding  imi- 
dazolethione.  By  this  method,  from  4-hydroxy-2,2,5,5-tetramethyl-  and4-hydroxy-2,2,5,5-bispentamethylene- 
furanidones-3  we obtained4,4,6,6-tetramethylfuranidino-(3.  4)-imidazolethione-2(VII) and4,4,6,6-bispentamethyl* 
enefuranidino-(3,  4)-imldazolethione-2  (Vni),  respectively. 


R  R'  R  R'  R  R’ 

\/  \/  \/ 

? -  +NH.CSNH.  ^ - 1 - NH  NaOH  ^ - 1| - N 

\ _  — 2H,0  V _ I  C=S  II  C — SNa 

R  R'  R  R'  2  R  R' 

(VI)  Rv  . — V 

(VII)  R  =  R' =  CH,:  (VIII)  _ y 

Compounds  (VII)  and  (VIII)  did  not  dissolve  in  hydrochloric  acid.  Determination  of  the  dissociation 
constant*  of  (VII)  (pKa  =  11.2)  showed  that  it  did  not  have  basic  properties  and  was  a  weak  acid.  Similar 
weakly  acidic  properties  are  characteristic  of  all  imidazolethiones-2,  which  react  with  strong  bases  in  the  form 
of  2-mercaptoimidazoles  [5]. 

As  is  known,  on  reaction  with  thiourea  and  with  ammonium  thiocyanate,  a-hydroxyketones  of  the  aliphatic 
and  aromatic  series  form  imidazolethiones-2  [6].  4-Hydroxy-2,2,5,5-tetraalkylfuranidones-3  (VI)  reacted  with 
ammonium  thiocyanate  differently  and  v^en  they  were  fused  with  it  at  ISO*,  they  gave  the  2 -amino -4 ,4,6,6 - 
tetraalkylfuranidino-(3,4)-thiazoles  (DC),  (X)  and  (XI)  in  good  yields: 
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(IX)  R=R'  =  CH,:  (X)  >  =  1;  (XI)  \ 

Compounds  (DC),  (X)  and  (XI)  were  isolated  in  the  form  of  stable  monohydrates  as  is  characteristic  of 
certain  aminothiazoles  of  condensed  structure  [7].  The  action  of  methyl  iodide  on  compound  (DC)  yielded  an 
iodomethylate,  which  did  not  contain  water  of  crystallization.  Potentiometric  measurement  of  the  dissociation 
constant  of  compound  (DC)  showed  that  it  was  amphoteric  with  the  basic  properties  predominating  over  the  acid 
ones:  pK])  =  11.6  and  pK^  =  12.13;  consequently  this  compound  could  react  both  in  the  amine  and  in  the  imine 
forms. 

The  predominance  of  the  basic  properties  was  confirmed  by  the  fact  that  compounds  (DC),  (X)  and  (XI) 
dissolved  in  dilute  hydrochloric  acid  and  were  precipitated  from  the  hydrochloric  acid  solution  by  the  addition 
of  2  N  sodium  carbonate  solution. 

As  regards  the  mechanism  of  2-amino-4,4,6,6-tetraalkylfuranidino-(3,4)-thiazole  formation,  the  reaction 
apparently  proceeds  throu^  the  following  stages:  by  reaction  with  ammonium  thiocyanate,  4-thiocyano-2,2,5,5- 
tetraalkylfuranidones-3  were  obtained  first  and  these  then  reacted  with  ammonia,  formed  by  thermal  dissociation 
of  ammonium  thiocyanate,  giving  2-amino-4,4,6,6-tetraalkylfuranidino-(3,4)-thiazoles.  •  • 


*The  dissociation  constant  was  determined  by  a  method  which  we  described  previously  [4]. 

*  *The  formation  of  aminothiazoles  from  thiocyano ketones  and  ammonia  has  been  described  in  the  literature  [8]. 
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As  already  stated,  the  Interaction  of  4-hydroxy-2,2,5,5-tetraalkylfuranidones-3  (VI)  with  thiourea  was 
accompanied  by  the  closure  of  the  new  ring  and  led  to  4,4,6,6-tetraalkylfuranidino-(3,4)-imidazolethiones-2 
(VII)  and  (VIII).  The  reaction  with  urea  in  glacial  acetic  acid  proceeded  with  the  elimination  of  only  one 
water  molecule  and  led  to  the  formation  of  the  substituted  ureas  2,2,5,5-tetramethylfuranidon-3-yl-4-carbamide 
(XII)  and  2,5-dimethyl-2,5-diethylfuranidon-3-yl-4-carbamide  (XIII)  from  4 -hydroxy-2,2 ,5 ,5-tetramethyl*-  and 
4-hydroxy-2,5-dimethyl-2,5-diethylfuranidones-3,  respectively. 

R  R'  0 

co^  (T  I 

^^Anhconh., 

(XII)  R  =  R'  =  CH3;  (XIII)  R=CFI.,  R' =  C»Hs 


As  a  side  product  of  the  reaction  of  urea  and  also  of  thiourea  with  4-hydroxy-2,2,5,5-tetramethylfurani- 
done-3  (VI)  we  obtained  2,2,4,4-6,6,8,8-octamethyldifuranidino-(3,4)-pyrazine  (XIV).  This  compound  was 
formed  as  a  result  of  the  following  series  of  reactions:  1)  amination  of  4-hydroxy-2,2,5,5-tetramethylfuranidone- 
3  by  ammonia,  formed  by  thermal  decomposition  of  urea  (or  thiourea),  and  2)  condensation  of  the  intermediate 
4-amino-2,2,5,5-tetramethylfuranidone-3  into  2,2,4,4,6,6,8,8-octamethyldifuranidino-(3,4)-l,5-dihydropyrazine, 
which  was  oxidized  by  atmospheric  oxygen  to  2,2,4,4,6,6,8,8-octamethyldifuranidino-(3,4)-pyrazine  (XIV): 
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We  also  obtained  difuranidino-(3,4)-pyrazines  by  boiling  4 -hydroxy-2,2 ,5 ,5-tetramethylfuranidone -3 
and  4-hydroxy-2,2,5,5-bistetramethylenefuranidone-3  with  ammonium  acetate  in  glacial  acetic  acid. 

Thus,  4-hydroxy-2,2,5,5-tetraalkylfuranidones-3,  which  are  readily  obtained  by  reduction  of  4-isonitroso- 
2,2,5,5-tettaalkylfuranidones-3  with  zinc  in  acetic  acid  [3],  were  found  to  be  suitable  for  the  synthesis  of  con¬ 
densed  nitrogen -containing  heterocyclic  systems  including  a  furanidine  ring,  which  are  inaccessible  by  other 
methods,  namely  furanidino-(3,4)-imidazolethiones-2,  2-aminofuranidino-(3,4)-thiazoles  and  difuranidino- 
(3,4)-pyrazines. 


EXPERIMENTA  L 

4-(2,2,5,5-Tetramethylfuranidon-3-ylidene-4)-2,2,5,5-tetramethylfuranidone-3  (I).  A  mixture  of  5  g 
(0.02  mole)  of  4-bromo-2,2,5,5-tetramethylfuranidone-3  and  5  g  (0.02  mole)  of  crystalline  sodium  sulfide 
was  heated  for  2  hours  under  reflux  on  an  oil  bath  at  130-140*  and  then  cooled  and  poured  into  100  ml  of  water. 
The  yellow  crystalline  precipitate  was  collected  and  washed  with  water.  We  obtained  1.26  g  (40%)  of  product; 
the  m.p.  was  137-137.5*  (from  alcohol). 

Found  %:  C  68.24,  68.36;  H  8.75,  8.74.  CieH2404.  Calculated  %:  C  68.54;  H  8.63. 

Literature  data:  m.p.  137*  [2]. 

4-(2,5-Dimethyl-2,5-diethylfuranidon-3-ylidene-4)-2,5-dimethyl-2,5-diethylfuranidone-3  (II).  A  mix¬ 
ture  of  25  g(0.1  mole)  of  4-bromo-2,5-dimethyl-2,5-diethylfuranidone-3  and  24  g(0.1  mole)  of  crystalline 
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sodium  sulfide  was  heated  as  described  above  poured  into  100  ml  of  water  and  repeatedly  extracted  with  ether. 
After  removal  of  the  ether  from  the  calcium  chloride  dried  extracts,  we  obtained  7.5  g  (60*^1^)  of  a  yellow  oil: 

B.p.  148-149*  (5  mm).  n*®D  1.4827,  ds*®  1.000,  MRd  96.02.  C,oH3804P,  Calc.  MRp  93.00;  error  +  3.02. 

Found  %;  C  71.34;  H  9.66.  C10H32O4.  Calculated  C  71.39;  H  9.59. 

4-(2,2,5,5-Blspentamethylenefuranldon-3-ylldene-4)-2,2,5,5-blspentamethylenefuranldone-3  (III).  A 
mixture  of  4,5  g  (0.015  mole)  of  4-bromo-2,2,5,5-bispentamethylenefuranidone-3  and  6  g  (0.02  mole)  of  crys¬ 
talline  sodium  sulfide  was  heated  as  described  above  at  110-120*,  poured  into  50  ml  of  water  and  treated  as 
described  in  (I).  We  obtained  2.0  g  (66*70)  of  bright  yellow  crystals  with  m.p.  203-203.5*  (from  anhydrous  alcohol). 

Found  %:  C  76.51,  76.41;  H  9.26,  9.34.  C„H4o04.  Calculated  *7):  C  76.32;  H  9.15. 

Dl-(2,2,5,5-tetramethylfuranldon-3-yl-4)  (IV).  1  g  (0.0036  mole)  of  the  unsaturated  y-diketone  (I)  was 
dissolved  in  120  ml  of  anhydrous  alcohol  and  hydrogenated  in  the  presence  of  Raney  nickel  with  shaking  in  the 
cold.  It  absorbed  80  ml  of  hydrogen  (STP);  the  calculated  amount  of  hydrogen  was  80  ml  (STP).  We  obtained 

1  g  of  compound  (IV)  (quantitative  yield).  The  white  crystals  had  m.p.  121-121.5*  (from  dilute  alcohol). 

Found  %  C  68.39,  68.23;  H  9.47,  9.51.  Ci,H2,04.  Calculated  *7>:  C  68.05;  H  9.28. 

Dianil  of  Di-(2,2,5,5-tetramethylfuranidon-3-yl-4)  (V).  To  a  mixture  of  1  g  (0.003  mole)  of  (IV)  and 

2  ml  of  aniline  was  added  0.5  g  of  anhydrous  zinc  chloride.  The  mixture  was  boiled  for  10  minutes  and  de¬ 
composed  with  50  ml  of  cold  water.  The  precipitate  was  collected  and  recrystallized  from  cyclohexane.  We 
obtained  1  g(65'7>)  of  dianil  (V)  as  a  white  crystalline  substance  with  m.p.  260”  (decomp.). 

Found  N  6.54  ,  6.64.  CjjHsjO^Nj.  Calculated  N  6.48. 

4.4.6.6- Tetramethylfuranidino-(3,4)-imidazolethione-2  (VII).  A  solution  of  1  g  (0.0064  mole)  of  4-hy- 
droxy-2,2,5,5-tetramethylfuranidone-3  and  0.8  g  (0.01  mole)  of  thiourea  in  3  ml  of  glacial  acetic  acid  was 
boiled  for  5  hours  in  a  flask  with  a  reflux  condenser  and  poured  into  20  ml  of  cold  water.  The  crystals  were 
collected  and  washed  with  water.  We  obtained  0.8  g  (64‘7>)  of  product  with  m.p.  292-293*  (from  cyclohexane). 

Found  *7);  C  54.61,  54.47;  H  7.24,  7.05;  N  14.08,  14.41.  CjM^ON^S.  Calculated  C  54.51;  H  7.12; 

N  14.13. 

(Vn)  was  a  white  crystalline  substance,  which  dissolved  readily  in  alcohol  and  acetic  acid,  but  was  in¬ 
soluble  in  ether,  water  and  hydrochloric  acid. 

4.4.6. 6- Bispentamethylenefuranidino-(3,4)-imidazolethione-2  (VIII).  A  mixture  of  1.0  g  (0.0042  mole) 
of  4-hydroxy-2,2,5,5-bispentamethylenefuranidone-3,  0.4  g  (0.0052  mole)  of  thiourea  and  1.6  ml  of  glacial 
acetic  acid  was  boiled  for  3  hours  in  a  flask  with  a  reflux  condenser  and  poured  into  20  ml  of  water.  We  obtained 
0,6  g  (51‘7>)  of  product  with  m.p.  300-300.6*  (from  aqueous  alcohol). 

Found  *7o:  C  64,64;  H  8.01;  N  10.13,  10.12.  CigHjjONjS.  Calculated  °Jo:  C  64.71;  H  7.97;  N  10.06. 

2-Amino-4,4,6,6-tetramethylfuranidino-(3,4)thiazole  (IX).  A  mixture  of  1  g  (0.0064  mole)  of  4-hydroxy- 
2,2,5,5-tetramethylfuranidone-3  with  0.76  g  (0.01  mole)  of  ammonium  thiocyanate  was  placed  into  a  round- 
bottomed  flask  preliminarily  heated  to  100*  on  a  Wood's  metal  bath  and  rapidly  heated  to  120*.  The  reaction 
mixture  melted  and  on  heating  to  140*  (over  a  period  of  2-3  minutes)  a  vigorous  reaction  began,accompanied 
by  foaming  and  evolution  of  water  vapor  (1-2  minutes)  and  the  mixture  then  solidified  to  a  light  yellow  porous 
mass.  The  reaction  product  was  ground  first  with  absolute  ether  and  then  with  water  (until  the  reaction  for  a 
thiocyanate  ion  disappeared).  Drying  the  residue  in  a  vacuum  desiccator  yielded  1.0  g  (73*70)  of  the  hydrate  of 
2-amino-4,4,6,6-tetramethylfuranidino-(3,4)-thiazole  (IX)  with  m.p.  252-253"  (from  alcohol);  the  white  crystals 
were  soluble  in  hot  alcohol  and  dilute  hydrochloric  acid,  but  insoluble  in  water  and  ether. 

Found  *70;  C  49.96,  50.08;  H  7.50,  7.60;  N  12.60,  12.49.  C^H^ONgS  •  HjO.  Calculated  C  49.97; 

H  7.46;  N  12.95. 

lodomethylate  of  2-Amino-4,4,6,6-tetramethylfuranidino-(3,4)-thiazole  was  obtained  by  heating  0.5  g 
(0.0023  mole)  of  (IX)  with  0.5  ml  (0.0081  mole)  of  methyl  iodide  in  a  sealed  tube  on  a  water  bath  for  2  hours. 
Evaporation  of  the  methyl  iodide  and  washing  with  ether  yielded  0.4  g  (51*70)  of  product  with  m.p.  170*  (reprecip¬ 
itation  from  anhydrous  alcohol  with  ether);  the  white  needles  rapidly  became  yellow  in  light. 
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Found  %  C  36.48,  36.26;  H  6.10,  6.08;  N  7.98,  7.92.  Ci,Hi70N,SI.  Calculated  %  C  36.32;  H  6.04; 

N  8.23. 

2‘-Amlno-4,4,6,6-blitetramethylenefuranldlno"(3,4)-thlazole  (X).  1.0  g  (0.0049  mole)  of  4“hydroxy-2,2, 

6.6- bittetramethylenefuranidone-3  and  0.76  g(0.01  mole)  of  ammonium  thiocyanate  were  heated  for  10  minutes 
at  118-120*  and  the  mau  treated  with  ether  and  water.  We  obtained  1.0  g(79^)  of(X)  widi  m.p.  276-276* 

(from  alcohol);  the  white  crystals  dissolved  in  alcohol  and  dilute  hydrochloric  acid  and  were  insoluble  in  water 
and  ether. 

Found  C  67.97;  H  7.67;  N  10.28.  CijHuONjS  •  H,0.  Calculated  C  68.16;  H  7.62;  N  10.44. 

2 -A mlno -4 ,4 ,6 ,6-bispentamethylenefuranldino -( 3 ,4)-thiazole  (XI).  A  finely  ground  mixture  of  1  g 
(0.0042  mole)  of  4-hydroxy-2,2,6,6-bispentamethylenefuranldone-3  and  0.76  g(0.01  mole)  of  ammonium  thio¬ 
cyanate  was  heated  for  6  minutes  at  160*.  The  cooled  mass  was  ground  and  washed  with  ether  and  water.  We 
obtained  0.9  g(72.6%)  of  (XI)  with  m.p.  306-306.6*  (from  alcohol);  the  white  crystals  dissolved  readily  in  hot 
alcohol  and  hydrochloric  acid  and  were  insoluble  in  water  and  ether. 

Found  C  60.83,  61.10;  H  8.32,  8.61;  N  9.28,  9.34.  CijHiiONtS  •  1^0.  Calculated  C  60.78;  H  8.16; 

N  9.46. 

2.2.6.6- Tetramethylfuranidon-3-yl-4-carbamide  (XII).  A  solution  of  0.6  g  (0.0032  mole)  of  4-hydtoxy-2, 

2.6.6- tetramethylfuranidone-3  and  0.36  g  (0.006  mole)  of  urea  in  6  ml  of  glacial  acetic  acid  was  boiled  for 

6  hours  under  reflux  and  the  mixture  {>oured  into  20  ml  of  cold  water.  The  precipitate  was  collected  and  washed 
with  ether.  We  obtained  0.4  g  (62%)  of  product  with  m.p.  209-209.6*  (from  alcohdl);  the  white  crystals  were 
soluble  in  alcohol  and  insoluble  in  water  and  ether. 

Found  %:  C  64.20  ,  64.13;  H  8.36,  8.33;  N  13.98,  14.16.  CgHicOsNi.  Calculated  %:  C  63.98;  H  8.06; 

N  13.99. 

2.6- Dimethyl-2,6-diethylfuranidon-3-yl-4-carbamide  (XIII).  A  mixture  of  1.0  g  (0.0066  mole)  of  4-hy- 
droxy-2,6-dlmethyl-2,6-dlethylfuranidone-3,  0.72  g  (0.012  mole)  of  urea  and  1  ml  of  glacial  acetic  acid  was 
boiled  for  1  hour  under  reflux  and  poured  into  20  ml  of  cold  water.  The  precipitate  was  collected  and  washed 
with  ether.  We  obtained  0.9  g  (73%)  of  product  with  m.p.  190.6-191.6*  (from  aqueous  alcohol). 

Found  %:  C  67.28,  67.19;  H  9.07,  8.98;  N  11.77,  12.00.  CuHioOjN,.  Calculated  %:  C  67.87;  H  8.83; 

N  12.27. 

2.2.4.4.6.6.8.8- Octamethyldifuranidino-(3,4)-pyrazine  (XIV).  To  ammonium  acetate  (from  2  g  of 
ammonium  carbonate  in  2  ml  of  glacial  acetic  acid)  was  added  0.2  g  (0.0012  mole)  of  4-hydroxy-2,2,6,6-tetra- 
methylfuranidone-3.  The  mixture  was  heated  for  2  houn  under  reflux,  cooled  and  poured  into  20  ml  of  water. 

We  obtained  0.05  g(30%)  of  product  with  m.p.  235-235.5*  (from  alcohol). 

Found  %;  C  69.58,  69.74;  H  8.86,  8.92;  N  10.49,  10.60.  Ci,Hj40iN,.  Calculated  %:  C  69.63;  H  8.76; 

N  10.14. 

The  melting  point  was  not  depressed  by  admixture  with  samples  of  2,2,4,4,6,6,8,8-octamethyldlfuranidlno- 
(3,4)-pyrazines,  obtained  as  side  products  in  the  reaction  of  4-hydroxy-2,2,5,6-tetramethylfuranidone-3  with 
urea  and  thiourea. 

2 .2 .4 .4 .6 .6 .8 .8 - T etra -(tetramethylene) -difuranidino -( 3 ,4) -pyrazine.  To  ammonium  acetate  (from  6  g  of 
ammonium  carbonate  in  6  ml  of  glacial  acetic  acid)  was  added  1  g  (0.005  mole)  of  4-hydroxy-2,2,5,5-biste- 
tramethylenefuranidone-3.  The  mixture  was  boiled  for  3  hours  under  reflux,  cooled  and  poured  into  20  ml  of 
water.  The  precipitate  was  collected,  washed  with  water,  dried  in  a  vacuum  desiccator  and  boiled  with  20  ml 
of  anhydrous  alcohol;  the  insoluble  part  was  collected  and  recrystallized  from  a  large  amount  of  ardiydrous 
alcohol.  We  obtained  0.2  g(22%)  of  product  with  m.p.  262-262.5*. 

Found  %:  C  75.85,  75.79;  H  8.75,  8.70;  N  6.85,  7.09.  C^HaO^N,.  Calculated  %:  C  75.75;  H  8.49; 

N  7.36. 
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SUMMARY 


1.  Under  the  action  of  sodium  sulfide,  4-bromo-2,2,5,6-tetraalkylfuranidones-3  formed  unsaturated 

y  -diketones  containing  two  furanidine  rings  and  the  hydrogenation  of  these  led  to  the  corresponding  saturated 
y  -diketones. 

2.  In  contrast  to  acyloins  of  the  aliphatic,  alicyclic  and  aromatic  series,  4-hydroxy-2,2,6,6-tetraalkyl‘* 
furanidones-3  reacted  with  thiourea  and  ammonium  thiocyanate  to  form  different  reaction  products,  namely 
4,4,6,6-tetraalkylfuranldlno-(3^)-imidazolethiones-2  and  2-amino-4,4,6,6-tetraalkylfuranidlno-(3,4)-thiazoles, 
respectively. 
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4  -  ACET  YL-2,2,5,6-TETRAALKYLFURANIDONES  -  3 


I.  K.  Korobitsyna,  I,  G.  Zhukova  and  Yu.  K.  Yur'ev 
Moscow  State  University 

In  previous  work  we  showed  that  4-acetyl“2,2,5,5-tetramethylfuranldone-3  was  formed  by  thermal  Isomeri¬ 
zation  of  the  enol  acetate  of  2,2,6,5-tetramethylfuranldone-3  [1].  In  the  present  work  we  attempted  to  use  this 
method  for  the  synthesis  of  higher  homologs  of  4-acetyl-2,2,6,6-tetraalkylfuranldones-3.  We  established  that 
when  the  enol  acetate  of  2,5-dlmethyl-2,5-dlethylfuranldone-3  was  passed  throu^  a  quartz  tube  packed  with 
glass  wool  and  heated  to  500*,  it  was  isomerlzed  Into  4-acetyl-2,5-dlmethyl-2,5-dlethylfuranidone-3  In  15.6% 
yield. 

GOGH, 

yOCOGH^  I _ 

GHav^l  j^GHg  ^  GHgJ  J/GHg 

\G2H5  G2H5/  \G2H5 

(I) 

Attempts  to  obtain  4-acetyl-2,2,5,5-bispentamethylene  furanldone-3  by  thermal  isomerization  of  the 
enol  acetate  of  2,2,5,5-bispentamethylenefuranldone-3  did  not  lead  to  positive  results:  the  condensates  obtained 
at  500-540*  were  shown  to  contain  a  8  -diketone  qualitatively  only  by  the  Intense  color  with  ferric  chloride 
solution.  Thus  Increasing  the  radicals  In  positions  2  and  5  of  the  starting  enol  acetates  of  2,2,5,5-tetraalkyl- 
furanidones-3  sharply  lowered  the  yields  of  their  thermal  Isomerization  products,  namely  the  conespondlng 
4-acetyl-2,2,5,5-tetraalkylfuranldones-3.  Despite  this,  the  method  remained  the  only  one  for  the  preparation 
of  4-acetyl-2,2,5,5-tetramethylfuranidone-3  and  4-acetyl-2,5-dimethyl-2,5-diethylfuranldone-3  since  attempts 
to  obtain  the  latter  by  ester  condensation  of  appropriate  ketones  with  ethyl  acetate  In  the  presence  of  sodium  or 
sodamide  did  not  give  positive  results. 

It  also  seemed  Interesting  to  determine  to  what  extent  4-acetyl-2,2,5,5-tetraalkylfuranidones-3  and,  in 
particular,  their  most  accessible  representative,4-acetyl-2,2,5,5-tetramethylfuranidone-3,  showed  the  char¬ 
acteristic  properties  of  6  -dicarbonyl  compounds  [2]. 

4-Acetyl-2,2,5,5-tetraalkylfuranidones-3  gave  an  Intense  color  with  ferric  chloride  solution  and  formed 
crystalline  copper  salts,  in  which  form  they  were  isolated  from  the  thermal  isomerization  products  [1].  A  deter¬ 
mination  of  the  percentage  content  of  the  enol  form  by  Meyer's  method  [3]  showed  that  4-acetyl-2,2,5,5-tetra- 
methylfuranidone-3  was  99%  enolized.  Such  a  high  content  of  the  enol  form  is  characteristic  of  all  6  -diketones 
with  a  large  hydrocarbon  radical  adjacent  to  the  carbonyl  group  [4]. 

The  tautomeric  form  of  4-acetyl-2,2,5,5-tetramethylfuranidone-3  (II)  could  have  been  either  the  hydrox- 
yketone  with  a  semicyclic  double  bond  (III)  or  the  hydroxyketone  of  the  dihydrofuran  series  (IV). 


GOGH, 

1 

COGH3  ^ 

1 

CHj-C-OH 

1] 

GHg^l  J^CHg  ±1;:  GHgv^l  I/GH3 

GH3J  I^GH; 

GH3/\o/\gH; 

(IV) 

(II) 

(III) 
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To  determine  die  direction  of  enollzatlon  of  4>acetyl-2,2,5,5-tetrainethylfuranldone>3,  we  ozonized  it 
and  obtained  2,2,S,6-tetramethylfuranidinedione<-3,4  and  tetramethyldiglycolic  and  acetic  acids. 

_ /P  COOH  GOOH 

(II)  I^GHg  +  CHavl  | ^GHg +GH3GOOH 

GHa^'^o/'^GHg  GH3/  \^/  \GII3 

Tetramethyldiglycolic  acid  was  obtained  as  a  result  of  further  oxidation  of  2,2,5,5-tetramethylfuranidine- 
dione>-3,4  by  ozone,  as  was  confirmed  both  by  literature  analogies  [5]  and  by  the  fact  that  we  obtained  tetra¬ 
methyldiglycolic  acid  by  treating  this  a-diketone  with  ozone. 

Ozonization  {voceeded  similarly  with  4-benzylidene-2,2,5,5-tetramethylfuranidone-3,  l.e.,a  compound 
with  an  authentic  semicyclic  double  bond,  and  at  the  beginning  of  the  reaction  a  crimson  color  was  observed 
indicating  the  formation  of  2,2,5,5-tetramethylfuranidinedione-3,4;  further  treatment  with  ozone  and  processing 
the  reaction  products  in  the  usual  way  yielded  only  benzoic  and  tetramethyldiglycolic  acids. 


CflHgGlI  Q 

Glla^l  I^GHg 


o. 


GH 


%  p' 

3\|  ■  I/GH3  +  GbIIsGHO 


GHa  ^\o^\gh 

1 


3 

0, 

GOOH GOOH 


Gil, 


\r 


/ 


GH3  GBHr,GOOH 


CH3^  Xq/  ^ch 


Thus,  we  established  that  the  enollzatlon  of  4-acetyl-2,2,5,5-tetramethylfuranidone-3  (H)  proceeded  in 
the  direction  of  the  exocyclic  carbonyl  group  and  consequently  the  tautomeric  form  of  such  a  6  -diketone  of  the 
furanidine  series  is  the  hydroxyketone  with  a  semicyclic  double  bond  ( HI).  Enollzatlon  toward  the  exocyclic 
carbonyl  group  is  characteristic  of  B -diketones  of  similar  structure;  thus,  it  was  established  that  the  tautomeric 
form  of  benzoylcamphor  is  a  hydroxyketone  with  a  semicyclic  double  bond  [6]. 

4-Acetyl-2,2,5,5-tetramethylfuranidone-3  (II)  readily  gave  both  O-  and  C -derivatives;  the  action  of 
benzoyl  chloride  in  pyridine  gave  the  O-benzoate  of  the  enol  form  (V)  and  methylatlon  with  diazomethane, 
the  O-methyl  ether  (VI);  treatment  of  the  sodium  salt  of  4-acetyl-2,2,5,5-tetramethylfuranidone-3  with  benzoyl 
chloride  yielded  4-acetyl-4-benzoyl-2,2,5,5-tetramethylfuranidone-3  (VII). 


GH3— GO  GOG0H5 

•GH3.  I  LGH3  (II) 

■’Xl  |/  “  c,HsCori  '  ' 

CIls  /\o/\  CH;, 

(VII) 


CII,N, 


|C,II.C0C1^ 

pyridine 


CIIg-C-OGHa 

GIl3\|  ’LGH3 

Glla^^  ^0/ \Gn3 
(VI) 

GH3— COGOGflIIs  Q 

CII,\1  l/CH, 

GH3/\o/'\Gn3 

(V) 


On  treating  B -diketones  with  phenylhydrazine,  hydrazine,  hydroxylamine  or  semicarbazone,  it  is  rarely 
pouible  to  isolate  phenylhydrazones,  hydrazones,  oximes  or  semicarbazones  as  they  immediately  cyclize  into 
die  corresponding  heterocyclic  compounds,  namely  phenylpyrazoles,  pyrazoles,  isoxazoles  or  amides  of  pyrazole- 
carboxylic  acids  [2].  4-Acetyl-2,2,5,5-tetramethylfuranidone-3  behaved  differently  [1]:  it  formed  a  stable 
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hydrazone,  oxime,  semlcarbazone  and  phenylhydrazone  and  the  latter  was  not  cyclized  on  distillation  but  only 
on  fusion  with  zinc  chloride  at  150*  did  it  form  l-phenyl-4,4,6,6,8“pentamethylfuranldino-(3,4)“pyrazole  (VIII). 


CHsCHn 

o 


Iff  r^tt  *  ’ 


NH— Cnlln 


ZnCI 


-lltO 


CHgCHa 


C-cn, 


CHnCH 


\ _ 

/\ 

CH.,  CII3 


'f 

N-C,H, 


(VIII) 


EXPERIMENT  A  L 

4‘-Acctyl“2,5-dlmethyl-2,5~diethylfuranldone-3  (I).  7  g  (0.013  mole)  of  the  enol  acetate  of  2,6-dimethyl- 
2,5-dlethylfuranldone-3  [1]  was  passed  at  500*  at  a  rate  of  3.57  ml/hr.  through  a  quartz  tube  packed  with  glass 
wool  (internal  diameter  10  mm,  length  of  heated  section  100  mm),  connected  to  a  well-cooled  receiver.  Vacuum 
distillation  of  the  Isomerization  product  yielded  4  g  of  unchanged  enol  acetate  of  2,5-dimethyl-2,5“diethyl- 
furanidone-3.  To  the  residue  in  the  distillation  flask  was  added  a  warm,  saturated  solution  of  copper  acetate  and 
the  oil  formed  solidified  after  12  hours  standing.  We  obtained  0.54  g  (15.67o  calculated  on  the  enol  acetate 
reacted)  of  the  copper  salt  of  4-acetyl“2,5-dimethyl-2,5-diethylfuranidone'3  with  m.p.  146-147*  (from  aqueous 
alcohol). 

Found  C  58.85,  59.04;  H  7.88,  7.94;  Cu  13.72,  13.44.  Cj^HsgOsCu.  Calculated  %:  C  59.29;  H  7.88; 

Cu  13.08. 

3.7  g  (0.013  mole)  of  the  copper  salt  of  the  diketone  was  decomposed  with  20‘i!^>  sulfuric  acid  under  a 
layer  of  ether.  The  ether  layer  was  separated  and  the  aqueous  one  extracted  with  ether.  The  ether  extracts 
were  washed  with  a  fdo  solution  of  sodium  carbonate  and  dried  with  sodium  sulfate.  After  removal  of  the  ether 
we  obtained  1.5  g(46^o)  of  4“acetyl‘-2,5-dimethyl-2,5-diethylfuranidone-3. 

It  gave  an  intense  violet  color  with  ferric  chloride  solution. 

B.p.  103-105*  (7  mm),  n”D  1.4728,  d4*®  1.0152,  MRd  58.64.  Cii^joPfF.  Calculated:  58.13;  EMd +  0.51. 

Found  %  C  68.23;  H  9.70.  CuHjoOs.  Calculated  %  C  67.89;  H  9.50. 

Ozonization  of  4-Acetyl-2,2,5,5-tetramethylfuranldone-3.  For  a  period  of  1  hour  10  minutes,  a  fast 
stream  of  5°]o  ozone  was  passed  into  a  solution  of  2,02  g  (0.01  mole)  of  the  monohydrate  of  4  -  acetyl -2 ,2 ,5, 5  ^ 
tetramethylfuranidone-3  [1]  in  50  ml  of  anhydrous  carbon  tetrachloride,  cooled  to  -20*.  The  bri^t  crimson 
solution  obtained  was  kept  at  18*  for  2  hours  and  then  the  solvent  was  removed  in  vacuum  in  the  cold  and  the 
residue  decomposed  by  10  minutes  boiling  with  15  ml  of  water.  The  colorless,  clear  solution  formed  had  a 
strong  odor  of  acetic  acid  and  showed  an  acid  reaction  (pH  1);  the  reaction  with  ferric  chloride  was  negative. 

The  solution  was  made  alkaline  with  sodium  carbonate  solution  to  pH  12  and  bright  crimson  2,2,5,5-tetramethyl- 
furanidinedione-3,4  was  extracted  from  it  with  warm  benzene;  after  removal  of  the  benzene,  the  residue  yielded 
0.4  g(16.3‘7‘>)  of  the  phenylhydrazone  of  2,2,5,5-tetramethylfuranidinedione-3,4  with  m.p.  96-97*. 

Found  C  68.35,  68.11;  H  7.56,  7.47;  N  11.39,  11.45.  Ci4HijOiN2.  Calculated  C  68.28;  H  7.37; 

N  11.37. 

The  aqueous  alkaline  solution  was  evaporated  to  a  volume  of  15  ml  and  then  acidification  with  concen¬ 
trated  hydrochloric  acid  yielded  1.4  g(74‘7<»)  of  tetramethyldiglycolic  acid  with  m.p.  153-154*  (from  chloroform). 

Literature  data;  m.p.  153-155*  [7]. 

Found  7o:  C  50.73,  50.67;  H  7.62,  7.63.  CgHi^Og.  Calculated  C  50.52;  H  7.42. 

Oxidation  of  2,2,5, 5-Tetramethylfuranidinedione-3,4  With  Ozone.  A  fast  stream  of  ozone  was  passed  for 
1  hour  into  a  solution  of  0.5  g  (0.0032  mole)  of  2,2,5, 5-tetramethylfuranldinedione-3,4  [8]  in  15  ml  of  carbon 
tetrachloride  at  10*  (the  mixture  was  not  decolorized  during  this  time).  Processing  (as  described  above)  yielded 
0.1  g(17%)  of  tetramethyldiglycolic  acid  with  m.p.  153-154*  and  we  obtained  0.6  g(757o)  of  the  phenylhydrazone 
of  the  original  diketone  with  m.p.  95-97*. 
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(0.01  mole)  of  hydroxylamine  hydrochloride  in  5  ml  of  dry  pyridine  and  5  ml  of  anhydrous  alcohol, by  boiling 
the  mixture  for  2  hours,  evaporating  it  to  dryness  and  recrystallizing  the  residue, we  obtained  2  g  (quantitative 
yield)  of  product  with  m.p.  145-146*  (from  cyclohexane). 

Found  C  60.32,  60.47;  H  8.82,  8.79;  N  7.14,  7.18.  C10H17O3N.  Calculated  C  60.28;  H  8.60; 

N  7.03. 

1  -  Phenyl -4 ,4,6,6 ,8  -pentamethy  Ifuranidino  -( 3 ,4)  -pyrazole  (VIII).  0.5  g  (0.0018  mole)  of  the  phenylhy- 
drazone  of  4-acetyl“2,2,5,5-tetramethylfuranidone-3  [1]  was  ground  with  0.5  g  of  anhydrous  zinc  chloride  and 
the  mixture  fused  (150*  in  the  bath)  and  cooled.  The  glassy  mass  was  ground  with  10  ml  of  water  and  the  in¬ 
soluble  residue  collected  and  dissolved  in  10  ml  of  acetone.  The  acetone  solution  was  filtered  through  activated 
charcoal  and  poured  into  50  ml  of  cold  water.  The  precipitated  oil  crystallized  on  scratching  the  beaker. 

0.44  g(93^o)  of  product  with  m.p.  70-70.5*  (from  aqueous  alcohol)  was  obtained. 

Found  C  75.45;  H  7.95;  N  11.13,  11.20.  CieHgoONj.  Calculated  C  74.96;  H  7.86;  N  10.93. 

SUMMARY 

1.  Isomerization  of  enol  acetates  of  2,2,5,5-tetraalkylfuranidones-3  may  be  used  as  a  method  of  synthesizing 
4-acetyl-2,2,5,5-tetraalkylfuranidones-3  when  methyl  or  ethyl  radicals  are  in  positions  2  and  5. 
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2.  4‘-Acetyl‘'2,2,5,5-tetraii]ethylfuranldone-3  Is  enolized  to  a  high  degree  In  the  direction  of  the  exocyclic 
carbonyl  group;  depending  on  the  conditions,  it  forms  C-  and  0-derivatives  on  acylation. 

3.  In  reactions  leading  to  condensed  heterocyclic  systems,  for  example  to  l-phenyl-4,4,0,6,8-pentamethyl- 
furanidlno-(3,4)-pyrazole,  B -diketones  of  the  2,2,5,5-tetraalkylfuranidine  series  require  considerably  more  drastic 
conditions  than  aliphatic  or  alicyclic  B  -diketones. 

LITERATURE  CITED 

[1]  I.  K.  Korobitsyna,  L  G.  Zhukova,  V.  A.  Kuvshinova,  N.  N.  Gaidamovich  and  Yu.  K.  Yur'ev,  Proc. 

Acad.  Sci.  USSR  114,  327  (1957). 

[2]  H.  Henecka,  Chemie  der  B -Dicarbonylverbindungen.  Berlin  (1950). 

[3]  K.  Meyer,  Ueb.  Ann.  380,  212  (1911). 

[4]  C.  Weygand  and  H.  BaumgSrtel,  Ber.  62  ,  575  (1929). 

[5]  G.  Stork  and  G.  Singh,  Nature  165,  816  (1950). 

[6]  M.  Foster,  J.  Chem.  Soc.  83,  93  (1903). 

[7]  G.  Dupont,  Ann.  Chim.  Phys.  (8),  30,  485  (1913). 

[8]  L  K.  Korobitsyna,  Yu.  K.  Yur’ev  and  O.  L  Nefedova,  J.  Gen.  Chem.  24, 188  (1964). 

Received  July  2,  1958 


2167 


SYNTHESIS  OF  CH  LORO -S  UBST  IT  UT  ED  DIMETHYLSTYRENES 

A.  F.  Dokukina  and  M.  M.  Koton 
Leningrad  Polytechnic  Institute 


Until  recently,  trl-  and  tetrasubstltuted  styrenes  remained  almost  unstudied.  There  was  only  patent  data 
on  the  polymerization  of  trichlorostyrenes  and  tetrachlorostyrenes  [1]  without  detailed  descriptions  of  their 
preparation.  It  seemed  interesting  to  synthesize  halo -substituted  vinylxylenes. 

We  had  previously  j»epared  [2]  styrene  derivatives  containing  simultaneously  halogen  atoms  and  a  methyl 
group  in  the  benzene  ring.  Extending  these  investigations,  we  synthesized  chloro -substituted  dimethylstyrenes, 
namely  2-chloro-3,4-dlmethylstyrene  (I),  2-chloro-3,5-dimethylstyrene  (II),  4 -chloro -2, 6-dimethylstyrene 
(in)  and  2,3-dlchloro-4 ,5-dimethylstyrene  (IV). 


GH^CIi2 

1 

C1I=GH2 

CH=^H2 

GH=CH. 

I 

1 

1 

1 

CII3 

ii3C-[^J)-cn3 

1 

H3C-^J!-^CI 

1 

1 

cn3 

1 

Cl 

CH3 

(I) 

(11) 

(HI) 

(IV) 

The  synthesis  of  chloro-substituted  dimethyl  styrenes  may  be  represented  by  the  following  scheme: 

(CH3)2CeH3Cl  (CH3)2C6n2CIGOCH3  ^ 

(CH3)2CoH2C1CH(OI1)CH3  (Cn3)2GoIl2ClCH==CH2 

EXPERIMENTAL 

Synthesis  of  2-Chloto-3,4-dimethylstyrene.  The  starting  o-xylene  was  chlorinated  in  the  nucleus  with 
sulfuryl  chloride  in  the  presence  of  aluminum  chloride  and  sulfur  monochloride  by  Sllberrad's  method  [3].  The 
chlorinating  agent,  140  g  of  sulfuryl  chloride  and  1.5  g  of  sulfur  monochloride,  was  added  over  a  period  of  45 
minutes  to  106  g(l  mole)  of  o-xylene  and  5  g  (0.04  mole)  of  anhydrous  aluminum  chloride  at  70*.  The  mixture 
was  then  heated  for  30  minutes  at  70*  and  poured  into  a  large  volume  of  water.  Washing,  drying  and  distillation 
gave  a  S5%  yield  of  3-chloro-l,2-dimethylbenzene  as  a  colorless  liquid: 

B.p.  187-190*,  n**D  1.5300. 

Found  %:  Cl  25.1.  C,H,C1.  Calculated‘S:  Cl  25.2. 

Acetylation  of  3-chloro-l,2-dimethylbenzene  (1  mole)  with  acetyl  chloride  (1.1  mole)  in  the  presence 
oi  anhydrous  aluminum  chloride  (1.1  mole)  gave  a  yield  of  2-chloro-3,4-dimethylacetophenone: 

B.p.  115*  (1-2  mm),  n^*D  1.5512,  MRp  50.95;  calc;  49.66. 

Found  %.  Cl  18.61.  CioHiiOCl.  Calculated  Cl  19.45. 
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Reduction  of  2-chloro“3,4-dimethylacetophenone  (0.6  mole)  with  aluminum  Isopropoxlde  (prepared  from 
15  g  of  aluminum)  In  anhydrous  Isopropyl  alcohol  gave  a  44%  yield  of  2-chloro-3/4-dlmethylphenylmethylcarbl- 
nol  as  a  colorless,  viscous  liquid: 

B.p.  140*  (7-8  mm),  n“‘®D  1.5470,  d4*®  1.1417,  MRp  61.01;  calc.  61.27. 

Dehydration  of  the  carblnol  over  potassium  blsulfate  by  the  usual  method  yielded  the  monomer  of  2-chloro- 
3, 4 -dimethylstyrene  as  a  clear,  colorless  liquid  with  the  odor  of  styrene: 

B.p.  74*  (1  mm),  1.5634,  d4*®  1.0795,  MRd  50.12;  calc.  49.17. 

Found  %;  Cl  21.32.  CioHjiCl.  Calculated  7o:  Cl  21.04. 

Synthesis  of  2-Chloro-3,5-dlmethyIstyrene.  Chlorination  of  m -xylene  by  Sllberrad’s  iwthod  13]  gave 
2-chloro-l,5-dlmethylbenzene  in  68%  yield  and  this  had  b.p.  187-188*  and  n?®D  1.5232. 

Acetylation  of  2-chloro-l,5-dimethylbenzene  gave  a  76%  yield  of  2-chloro-3,6-dimethylacetophenone 
as  a  clear,  colorless  liquid: 

B.p.  125-128*  (10  mm),  i^®D  1.5511,  di*®  1.1750,  MR^  49.87;  calc.  49.66. 

Reduction  of  2-chloro*-3,5-dimethylacetophenone  gave  a  70%  yield  of  the  carblnol  as  a  clear,  viscous 
liquid  with  b.p.  137-139*  (6  mm),  r?®D  1.5449. 

Dehydration  of  the  carblnol  gave  a  60%  yield  of  the  monomer  of  2-chloro-3,5-dlmethyl8tyrene  as  a  clear, 
colorless  liquid  with  the  odor  of  styrene; 

B.p.  83-84*  (1  mm),  n*®D  1.5600,  d**®  1.0713,  MRp  50.26;  calc.  49.18. 

Synthesis  of  4-ChIoro-2,5-dlmethylstyrene.  Chlorination  of  p-xylene  by  Sllberrad's  method  [3]  gave  a 
66%  yield  of  3-chloro-l,4-dimethylbenzene: 

B.p.  180-185*,  n*®D  1.5236. 

Found  %:  Cl  24.65.  CgHgCl.  Calculated  %:  Cl  25.2. 

By  acetylatlng  3-chloro-l,4-dimethylbenzene  we  obtained  an  80%  yield  of  4-chloro-2,5-dimethylaceto- 
phenone  as  white  crystals; 

m.p.  27*.  b.p.  127*  (9  mm),  n’®D  1.5460,  64*®  1.1740,  MRj)  49.32;  calc.  49.66. 

Found  %;  Cl  19.53.  CioHnOCl.  Calculated  %;  Cl  19.45. 

Reduction  of  4-chloro-2,5-dimethylacetophenone  gave  the  carblnol  as  white  crystals. 

m.p.  34*,  b.p.  134*  (1  mm),  n*®D  1.5465,  64*®  1.1430,  MRd  51.14;  calc.  51.27. 

By  dehydration  of  the  carblnol  over  potassium  bisulfate  we  obtained  the  monomer  of  4-chloro-2,5-dimethyl- 
styrene'as  a  clear,  colorless  liquid  with  the  smell  of  styrene;  the  yield  was  54%: 

B.p.  64*  (1  mm),  n*®D  1.5603.  d4*®  1.0730,  MRj)  50.19;  calc.  49.17. 

Found  %:  Cl  21.41.  CjoHuCl.  Calculated  %:  Cl  21.32. 

Synthesis  of  2,3-DichIoro-4,5-dlmethylstyrene.  3,4-Dichloro-l,2-dimethylbenzene  was  prepared  similarly 
to  the  monochlorodim ethylbenzenes  by  chlorination  of  o-xylene  by  Sllberrad's  method  [3],  but  at  a  higher  tem¬ 
perature  (85-90*);  the  yield  was  48%.  3,4-Dichloro-l,2-dimethylbenzene  was  a  clear,  colorless  liquid: 

B.p.  228-231*,  freezing  point  14.5*,  n*®D  1.5541,  d4*®  1.2440,  MRp  45.18;  calc.  44.48. 

Acetylation  of  3,4-dichloro-l,2-dimethylbenzene  gave  2,3-dichloro-4,5-dimethylacetophenone.  The 
yield  was  69%; 

B.p.  137*  (4-5  mm),  n*“D  1.5650.  d4*®  1.2768,  MRd  55.22;  calc.  54.52. 

Found  %;  Cl  32.68.  CioHioOClj.  Calculated  %:  Cl  32.72. 
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By  reduction  of  the  ketone  we  obtained  a  Kfh  yield  of  2,3>dichloro^4,5-dimethylphenylniethylcarbinol 
at  fine,  white  crystaU: 

B.p.  125-135*  (4-5  mm),  m.p.  66-68*. 

Found  Cl  31.60.  Ci|i^OCl|.  Calculated  %:  Cl  32.42. 

Dehydration  of  the  carbinol  over  potassium  bisulfate  yielded  the  monomer  of  2,3-dichloro-4,6-dlmethyl- 
styrene  as  a  colorless  liquid  with  the  characteristic  odor  of  styrene: 

B.p.  97-102*  (1  mm),  1.5805,  dt*®  1.2234,  MRp  54.76;  calc.  54.05. 

Found  Cl  35.40.  CioHi,Cl,.  Calculated  %:  Cl  35.32. 

SUMMARY 

The  styrenes  with  three  and  four  substituents  in  the  nucleus:  2 -chloro-3, 4 -dimethylstyrene,  2-chloro-3,5- 
dimethylstyrene,  4-chloro-2,5-dimethyl8tyrene  and  2,3-dlchloro-4,5-dlmethyl8tyrene,  which  have  not  been 
described  in  the  literature,  were  synthesized  and  characterized. 
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PREPARATION  OF  BUTADIENE  BY  CATALYTIC  DEHYDROGENATION 


OF  BUTANE-BUTYLENE  MIXTURES  IN  THE  PRESENCE  OF  WATER  VAPOR* 

O.  K.  Bogdanova,  A.  A.  Balandin  and  A,  P.  Shcheglova 
Institute  of  Organic  Chemistry  Academy  of  Sciences  USSR 

One  of  the  most  important  methods  of  preparing  butadiene  is  the  catalytic  dehydrogenation  of  butylene. 

The  starting  butylene  may  be  isolated  from  the  cracking  and  pyrolysis  gases  of  petroleum  or  obtained  by  catalytic 
dehydrogenation  of  butane.  Both  in  this  and  in  other  cases,  the  butylene  is  obtained  as  a  mixture  with  butane  and 
its  isolation  in  a  pure  form  requires  additional  fractionation  in  the  presence  of  a  third  component.  In  the  indus¬ 
trial  preparation  of  butadiene,  the  problem  of  using  butane -butylene  mixtures  without  preliminary  separation 
could  have  great  practical  importance.  Previously  [1]  we  investigated  the  dehydrogenation  of  butane -butylene 
mixtures  over  a  chromium  catalyst  at  reduced  pressure  and  demonstrated  the  possibility  of  obtaining  butadiene 
in  good  yields.  In  a  series  of  patents  [2]  is  is  pointed  out  that  butadiene  may  be  prepared  under  reduced  pressure 
in  one  stage  directly  from  butane  or  in  two  stages  from  butane -butylene  mixtures.  In  the  single  stage  process  at 
540-650*  and  a  residual  pressure  of  35  mm,  about  12.2%  of  the  butane  was  converted  in  one  pass  [3].  In  the  two- 
stage  process,  the  butane -butylene  mixtures  were  dehydrogenated  over  the  same  catalyst  (for  the  dehydrogenation 
of  butane)  in  the  presence  of  inert  gases  or  at  reduced  pressure  [4].  The  yield  of  butadiene  on  butane  passed  was 
13.8%. 

The  present  work  was  undertaken  to  investigate  the  effect  of  water  vapor  on  the  dehydrogenation  of  butane- 
butylene  mixtures  on  the  catalyst  for  the  dehydrogenation  of  butylene,  which  is  accomplished  in  the  presence  of 
water  vapor,  since  from  the  practical  point  of  view,  water  vapor  Is  the  most  suitable  diluent.  As  is  known,  in  the 
presence  of  certain  catalysts  at  elevated  temperatures,  water  vapor  promotes  the  cracking  of  hydrocarbons. 

EXPERIMENTA  L 

The  experiments  were  carried  out  by  a  flow  method  in  the  apparatus  described  previously  [5,  6].  Catalyst 
(4  ml)  was  placed  in  a  quartz  tube  of  16  mm  diameter.  The  starting  butane -butylene  mixtures  were  prepared 
in  a  gasometer  over  a  saturated  solution  of  sodium  chloride.  The  butylene  was  obtained  by  dehydration  of  n-butyl 
alcohol  over  aluminum  oxide  and  purified  by  distillation  on  a  Davis  column;  the  butane  was  obtained  from  a 
synthetic  rubber  factory  and  contained  1.0%  of  propane.  The  catalyzate  gas  was  collected  in  a  gasometer  over 
a  saturated  solution  of  sodium  chloride.  The  gas  volumes  were  adjusted  to  normal  conditions.  The  catalyzate 
gas  was  distilled  on  a  Podbielniak  apparatus  [7]  and  analyzed.  The  butadiene  content  was  determined  on  a 
Bushmarin  apparatus  with  maleic  anhydride  [8];  butylene,  butadiene  and  propylene  were  absorbed  in  847*  sulfuric 
acid;  ethylene  was  absorbed  in  a  solution  of  mercuric  sulfate  in  sulfuric  acid;  carbon  dioxide  was  absorbed  with 
potassium  hydroxide;  the  saturated  hydrocarbons  and  hydrogen  were  combusted  over  copper  oxide.  The  catalyzate 
gas  from  certain  experiments  was  tested  for  carbon  monoxide  content  with  an  ammoniacal  solution  of  cuprous 
chloride.  No  carbon  monoxide  was  detected  in  the  gas. 

Two  series  of  experiments  were  carried  out:  one  with  an  oxide  catalyst,  selective  as  regards  dehydrogena¬ 
tion  of  butylene  into  butadiene,  and  the  other  with  a  chromium -aluminum  catalyst  for  the  dehydrogenation  of 
butane  into  butylene  [9, 10].  The  effect  of  temperature,  flow  rate  and  component  ratio  in  the  starting  mixture 

•Work  completed  in  1949-1950. 
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TABLE  1 

Effect  of  Compoiltion  of  Butane-Butylene  Mixture  on  the  Butadiene  Yield  Over  An  Oxide  Catalyst  (mixture  input  rate  1000  llter/llter«cat»hour. 
Dilution  with  water  vapor  at  a  molar  ratio  of  1 : 7) 
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Temperature  620* 

39.4  60.0  0.6  I  3.0  32.9  21.1  18.1  86.2  30.2  3.6  22.9  1.0  0.3  1.4  0.3  0.5  13.0  29.2  27.7 

47.4  51.4  0.6  4.4  45.0  25.6  19.8  78.2  38.5  5.3  24.3  0.5  0.3  3.2  0.5  0.4  13.3  19.1  30.3 

58.0  41.4  0.6  2.1  35.0  15.4  12.7  80.6  30.7  3.9  18.5  1.0  0.3  1.5  0.3  0-6  9.7  20.6  43.4 


Fig.  1.  Composition  of  catalyzate  gas  for  three  different  butane -butylene  mixtures 
over  an  oxide  catalyst  in  relation  to  temperature.  1)  C^Hjo.  2)  C4H(,  3)  C4He, 

4)  Hj,  6)  COi,  6)  CjHb,  7)  CH4,  8)  CjHe,  9)  C,H4C3H8. 

TABLE  2 


Effect  of  input  Rate  of  Butane -Butylene  Mixtures  on  the  Butadiene  Yield  on  an  Oxide 
Catalyst  (temperature  635*;  dilution  with  water  vapor  in  a  molar  ratio  of  1 :  7) 


Composition  of 
mixture  (in  %) 

Mixture 

input 

rate 

liter/lltef 

cat  •  hour 

Reacted  (in  %) 

Yield  of  C4H8  (in  mole  %) 

C4H, 

C4H,, 

C4H, 

C4H,, 

mixture 
of  C4H|  + 
+  C4H10 

on  mix¬ 
ture  ^ 
passed 

on  mix¬ 
ture  . 
reacted 

on  C4H1 

51.0 

49.0 

14000 

19.7 

0.5 

10.25 

7.7 

74.9 

15.0 

52.0 

48.0 

6800 

29.5 

0.9 

14.8 

10.2 

69.2 

19.7 

52.0 

48.0 

4400 

34.3 

0.7 

18.1 

1.3.4 

74.0 

25.8 

52.0 

48.0 

19.50 

40.8 

3.4 

22.8 

1.5.5 

68.0 

30.0 

51.0 

49.0 

13.50 

39.1 

6.0 

23.0 

19.8 

82.0 

38.2 

51.9 

48.1 

1000 

48.6 

5.6 

27.1 

19.8 

70.4 

38.3 

51.6 

48.4 

1000 

40.3 

8.8 

25.2 

19.0 

7.5.3 

36.8 

on  the  dehydrogenation  rate  of  butane -butylene  mixtures  was  investigated  and  experiments  were  carried  out  with 
pure  butane  and  butylene.  After  each  experiment,  the  catalyst  was  flushed  with  a  steam  -  air  mixture  or  with 
air. 

Dehydrogenation  of  Butane -Butylene  Mixtures  Over  an  Oxide  Catalyst.  Experiments  were  carried  out  with 
water  vapor-diluted  mixtures  at  a  molar  ratio  of  1 :  7  with  a  volume  flow  rate  of  1000  liter/liter.cat*hour  at 
620,  635  and  650*  with  various  ratios  of  components.  The  butylene  content  was  varied  from  41.4  to  65%.  Experi¬ 
ments  with  pure  butylene  were  carried  out  under  the  same  conditions.  The  data  obtained  are  presented  in  Table  1. 
With  a  decrease  in  the  butylene  content,  the  butadiene  yields  calculated  on  the  mixture  passed  decreased.  Thus, 
when  the  butylene  content  was  changed  from  65.0  to  41.4%,  the  butadiene  yields  fell  from  24.1  to  16.9%,  but 
calculated  on  the  butylene  passed,  they  increased  from  38.4  to  40.8%.  These  yields  were  considerably  higher 
than  the  yield  of  butadiene  obtained  in  an  experiment  with  pure  butylene.  As  will  be  seen  later,  on  this  catalyst 
butane  reacted  to  a  small  extent  and  the  increase  in  the  butadiene  yield  on  the  butylene  in  the  mixture  passed 
was  apparently  caused  by  the  effect  of  additional  dilution  with  butane.  When  the  temperature  was  lowered  from 
650  to  620*,  the  yields  of  butadiene  changed  in  the  same  direction,  falling  with  a  decrease  in  the  butylene  con- 
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Pig.  2.  Composition  of  catalyzate  gas  (in  ml)  in  relation 
to  the  flow  rate  of  the  butane-butylene  mixture  at  635* 
on  an  oxide  catalyst.  1)  C^Hg  (decomp.),  2)  C4Hg,  3)  CO^, 
4)  C»Hg,  5)  C4H10,  6)  CH4.  7)  CgHe.  8)  C,H4. 


TABLE  3 

Dehydrogenation  of  Butane  and  Butylene  Over  Chromium  —  Aluminum  Catalyst  With  Water 
Vapor  Dilution 


Hydrocarbon 

Tem- 

LPcrature 

Degree  of 
dilution  witl 
water  vapor 

Increase 
in  ypl. 
(in%) 

Composition  of  catalyzate  gas ( in  vol.  7o) 

(MI. 

C4II, 

C,ll, 

CO, 

H, 

saturated 

hydro¬ 

carbons 

575° 

1  :  5 

4.5 

0.3 

2.0 

1.6 

96.1 

575 

without 

52.0 

0.8 

26.0 

0.4 

0.6 

32.2 

36.6 

Butane 

dilution 

625 

1  :  6 

20.0 

0.7 

5.9 

5.6 

1.4 

5.0 

80.6 

050 

1  : 5.6 

4i.O 

0.5 

6.9 

9.8 

2.8 

11.0 

69.0 

f 

575 

1  :  3.6 

29.5 

3.1 

65.0 

_ 

4.0 

19.0 

7.8 

Butylene 

1 

600 

1  :  4.9 

87.6 

3.5 

42.7 

0.4 

7.4 

32.8 

12.0 

650 

1  :  5.0 

150.0 

4.4 

25.8 

0.4 

9.6 

43.3 

16.8 

tent  of  the  mixture,  when  calculated  on  the  mixture  passed,  and  increasing  when  calculated  on  the  butylene 
passed.  At  635*  the  yields  of  butadiene  fell  from  22  to  17.4*70  and  increased,  when  calculated  on  the  butylene 
passed,  from  33.9  to  42.0%.  With  a  decrease  in  temperature  from  650  to  620*,  the  yields  of  butadiene  calculated 
on  the  mixture  reacted  increased  and  did  not  depend  on  the  composition  of  the  mixture  passed.  Thus,  the  average 
yield  of  butadiene,  calculated  on  the  mixture  reacted,  was  65%  at  650*,  75%  at  635*  and  80-82%  at  620*.  The 
change  in  gas  composition  for  three  different  butane -butadiene  mixtures  in  relation  to  temperature  is  shown  in 
Fig.  1.  The  gas  contained  CHg,  CjHj  and  CjHj  (2-3.570),  C2H4  and  CgHg  (0.2-1. OT*)  and  CO^  {A-&I0)  and  in  experi¬ 
ments  at  650*  (7-8%).  The  amount  of  carbon  dioxide  formed,  calculated  on  the  mixture  passed,  was  from  1.0 
to  3.57o  and  it  was  largely  formed  as  a  result  of  the  interaction  of  carbonaceous  deposits  on  the  surface  of  the 
catalyst  with  water  vapor,  making  it  possible  to  continue  the  process  for  a  long  period  without  regenerating  the 
catalyst. 
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TABLE  4 

Dehydrogenation  of  Butane  and  Butylene  Over  a  Chromium -Aluminum  Catalyst  in  the 
Absence  of  Diluent 


Starting  hydrocarbon 
Temperature 

Input  rate  liter/  liter  cat  •  hour 
Composition  of  catalyzate  gas  (in  volume  %) 
hydrogen 

methane  .  .  . 

ethylene  . 

ethane  . 

propylene  . 

propane  . 

butadiene  . 

butylene  . 

butane 

higher  hydrocarbons 

Yield  of  butadiene  on  hydrocarbon  passed 
(in  % 

Yield  of  reaction  products  on  hydrocarbon 
reacted  (in  mole  %) 
methane 


ethylene  .  . 

ethane  ...  . 

propylene  . .* 

propane  . 

butadiene  . 

butylene  . 

butane  . 

higher  hydrocarbons  .  .  . 

carbon  on  catalyst 

Degree  of  decomposition  of  starting  hydro¬ 
carbon  ( in  %)  .... 


Experiment  number 

1 

'  2 

3 

Butane 

575° 

Butylene 

635° 

Temperature 

635° 

600 

2360 

4290 

34.  i 

24.3 

15.4 

2.2 

7.7 

7.4 

1.0 

1.7 

1.4 

3.2 

1.5 

1.4 

1.0 

3.1 

3.0 

1.4 

0.2 

0.4. 

2.3 

10.5 

10.8-  . 

23.1 

47.0 

58.0 

30.0 

0.7 

1.4 

0.4 

2.8  • 

1.1 

3.7 

13.3 

13.1 

1.8 

6.4 

7.4 

1.6 

2.8 

2.9 

5.1 

2.9 

2.4 

2.4 

7.4 

9.3 

2.5 

0.4 

0.8 

7.3 

33.1 

44.5 

74.0 

— 

— 

— 

2.2 

.5.4 

1.2 

10.1 

,5.8 

4.0 

34.6 

20.4 

51.0 

40.3 

29.5 

TABLE  5 


Effect  of  Temperature  and  Flow  Rate  on  the  Dehydrogenation  of  Butane -Butylene  Mixtures 
Over  a  Chromium-Aluminum  Catalyst 


Temperature 

Mixture  input 
rate(lltet/liier 
cat  •  hour) 

Composition  starting 
mixture  (in  ‘5^>) 

Reacted  (in 

Yield  of  C4H, 

( in  mole  %) 

C.H„ 

C,H, 

CsH, 

C4H,, 

C,H, 

C«H,  H 
+  C.H.o 

on  mix¬ 
ture 
passed 

on  mix 

ture 

reacted 

6.35° 

2360 

76.2 

23.0  • 

0.8 

.33.2 

12.8 

28.4 

8.3 

29.2 

(i35 

2360 

.52.2 

47.2 

0.6 

31.2 

29.6 

30.4 

11.3 

37.2 

635 

2.360 

37.9 

61.7 

0.4 

20.9 

41.6 

33.6 

11.6 

34.3 

()35 

33.50 

49.0 

50.4 

0.6 

18.5 

26.4 

22.1 

11.6 

49.5 

()3.5 

2840 

49.0 

50.4 

0.6 

21.7 

24.6 

23.1 

11.4 

49.9 

600 

976 

51.4 

48.0 

0.6 

22.2 

18.9 

20.6 

10.2 

44.7 

(;20 

976 

51.4 

48.0 

0.() 

30.1 

.30.4 

30.2 

10.0 

33.3 

The  effect  of  the  flow  rate  was  studied  at  650*,  with  water  vapor  dilution  in  a  molar  ratio  of  1 :  7  and  at 
a  butane -butylene  ratio  of  1 :1.  The  flow  rate  of  the  mixture  was  varied  from  100  to  1400  liter/ liter  cat ‘hr. 
The  data  obtained  are  presented  in  Table  2.  At  a  flow  rate  of  1000-1350  liter/ liter  cat* hour,  the  yields  of 
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Fig.  3.  Composition  of  reaction  products  in  relation  to  ratio  of  butane  and  butylene 
at  635*  over  chromium -aluminum  catalyst.  1)  C4HJ,  2)  CH4,  3)  CsHg,  4)  higher  hy¬ 
drocarbons,  5)  CxH*.  6)  CjH*,  7)  CsH,. 

butadiene  were  19.87o  calculated  on  the  butane -butylene  mixture  passed 
and  38.37o  on  the  butylene  passed;  the  yield  of  butadiene  calculated  on 
the  mixture-  reacted  was  75-80'7o.  With  an  increase  in  the  flow  rate  of 
the  mixture  the  yields  of  butadiene  calculated  on  the  mixture  passed 
gradually  fell  and  at  a  rate  of  6800  liter/liter<cat*hour  they  were  10.2‘7o 
and  at  a  rate  of  14000  liter/ liter ‘Cat  •  hour,  The  degree  of  con¬ 

version  of  the  mixture  fell  from  21-23°Jo  to  14.8-10.2*70.  The  change  In 
the  gas  composition  in  relation  to  mixture  flow  rate  is  illustrated  in 
Fig.  2. 

Dehydrogenation  of  Butane  Over  an  Oxide  Catalyst.  Experiments 
with  pure  butane  were  carried  out  under  the  same  conditions:  the  tem¬ 
perature  was  635*,  the  flow  rate  1000  liter/ liter  .cat  *  hour  and  dilution 
was  with  water  vapor  in  a  ratio  of  1 :  9.  The  degree  of  conversion  of 
butane  remained  almost  the  same  as  in  experiments  with  mixtures:  about 
6.77o  of  the  butane  reacted  in  a  pass  and  of  this  about  half  was  converted 
into  butylene  and  butadiene  and  half  was  consumed  in  the  formation  of 
decomposition  products,  volatile  hydrocarbons  (CH4,  CJH4,  CjHj)  and 
possibly  carbon  on  the  catalyst.  The  formation  of  liquid  products  was 
not  observed.  The  yield  of  butadiene  calculated  on  the  butane  passed 
was  2%  and  on  the  butane  decomposed,  29.4%. 

The  data  obtained  lead  to  the  conclusion  that  water  vapor  is  not 
an  aggressive  diluent  with' respect  to  butane  on  the  catalyst  investigated 
and  that  the  main  direction  of  the  reaction  is  the  dehydrogenation  of 
butane  into  butylene  and  butadiene,  which  is  accompanied  by  the  forma¬ 
tion  of  a  small  amount  of  volatile  hydrocarbons  as  a  result  of  cracking 
at  high  temperature. 

Dehydrogenation  of  Butane  and  Butadiene  Over  Chromium-Alumi- 
num  Catalyst  With  Water  Vapor  Diluticn.  Experiments  were  carried  out 
over  the  temperature  range  575-650*  with  a  flow  rate  of  1000  liter/ liter* 
cat 'hour  and  dilution  with  water  vapor  in  a  molar  ratio  of  1 : 5-6.  The  data  obtained  are  presented  in  Table  3. 
Water  vapor  strongly  inhibited  the  dehydrogenation  of  butane  into  butylene  over  this  catalyst.  When  butylene 


Contact  time 


Fig.  4.  Composition  of  cataly¬ 
zate  gas  in  relation  to  the  flow 
rate  of  the  butane -butylene 
mixture  at  635*  over  a  chro¬ 
mium-aluminum  catalyst. 

1)  C4H10.  2)  C4Hg  (decomp.), 

3)  C4H*,  4)  CH4,  5)  C5H4, 

6)  C,H„  7)  C,H4.  8)  hi^er 
hydrocarbons. 
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was  passed  in  the  presence  of  water  vapor  a  considerable  conversion  of  butylene  was  observed  with  the  formation 
of  decomposition  products  and  the  butadiene  content  of  the  gas  did  not  exceed  3.1-4.470.  The  results  of  experi¬ 
ments  showed  that  water  vapor  was  quite  unsuitable  as  a  diluent  in  work  with  a  cnromium -aluminum  catalyst** 

Dehydrogenation  of  Butane  and  Butylene  Over  a  Chromium -Aluminum  Catalyst  Without  Diluent.  Experi¬ 
ments  ^IthTutin^^vithourdnuenrwere^artied^ourarSTB’TnJT^ovTTate'orBOOlOSSrTUter^^  The  ex¬ 

periments  with  butylene  were  at  635*  and  to  reduce  the  decomposition  of  butylene  and  the  dehydrogenation 
product,  butadiene,  the  butylene  was  passed  at  higher  rates  (2360  and  4290  liter /liter  <cat  *  hour).  Balance  experi¬ 
ments  were  carried  out  under  these  conditions.  The  results  of  the  experiments  are  presented  in  Table  4.  The 
butadiene  yields,  calculated  on  butane  reacted  were  74.07>  at  a  total  butane  conversion  of  In  addition, 
there  were  formed  light  hydrocarbons,  butadiene  (7.l7o).  condensation  products,  i.e.  liquid  hydrocarbons  (1.27>) 
and  carbon  on  the  catalyst  (4.07o). 

The  dehydrogenation  of  butylene  under  the  given  conditions  was  accompanied  by  considerable  formation 
of  side  products  from  decomposition.  The  yield  of  butadiene  was  13.37>  calculated  on  the  butylene  passed  and 
33.17o  on  that  decomposed  at  a  flow  rate  of  2360  liter/ liter  cat  *  hour.  With  an  increase  in  the  flow  rate  to  4290 
liter/ liter«cat  'hour,  the  butadiene  yield  calculated  on  the  butylene  decomposed  increased  to  44.6%  with  a  fall 
in  the  total  conversion  of  butylene  from  40.3  to  29.57o.  The  side  products  of  the  reaction  were  li^t  hydrocarbons 
and  condensation  and  polymerization  products  and  a  considerable  amount  of  carbon  was  deposited  on  the  catalyst, 
representing  34.6%  at  a  rate  of  2360  liter/ liter  .cat 'hour  and  20.47o  at  a  rate  of  4290  liter/liter.cat'hour,  calcu¬ 
lated  on  the  butylene  decomposed  (Table  4).  Thus,  the  chromium -aluminum  catalyst  was  not  selective  in  the 
dehydrogenation  of  butylene  and  promoted  the  decomposition  of  butylene  and  the  formation  of  butadiene  as  is 
indicated  by  the  character  of  the  reaction  products. 

Dehydrogenation  of  Butane -Butylene  Mixtures  Over  Chromium -Aluminum  Catalyst.  The  experiments 
were  carried  out  at  Ihigh  mixture  flow  rates  as  in  the  experiments  with  pure  butylene.  Using  differnet  ratios  of 
components  in  the  mixture,  experiments  were  carried  out  at  635*  and  a  flow  rate  of  2360  liter/liter.cat'hour. 
Variation  of  the  component  ratio  in  the  mixture  had  little  effect  on  the  butadiene  yields,  which  were  from  8.3 
to  11.6%,  calculated  on  the  mixture  passed,  and  did  not  exceed  37.2%  on  that  reacted.  The  composition  of  the 
catalyzate  gas  with  a  variation  in  the  ratio  of  the  components  is  illustrated  in  Fig.  3.  At  the  same  temperature 
and  at  a  component  ratio  of  1 :1,  increasing  the  flow  rate  to  3350  liter/liter.cat'hour  increased  the  yields  of 
butadiene  calculated  on  the  mixture  reacted  to  49.57o  with  the  same  yield  on  the  mixture  passed  (11.6%).  With 
an  increase  in  the  flow  rate,  the  degree  of  decomposition  fell  from  30.4  to  22.47o.  Similar  results  were  obtained 
in  experiments  at  600  and  620"  with  a  flow  rate  of  980  liter/ liter «cat  'hour  (the  butadiene  yields  were  10%  on  the 
.mixture  passed  and  33-447o  on  that  reacted).  The  data  obtained  are  presented  in  Table  5,  which  gives  the  com¬ 
positions  of  the  products.  The  change  in  composition  of  the  reaction  products  in  relation  to  contact  time  is 
shown  in  Fig.  4.  The  optimal  contact  time  lay  close  to  0.3  sec.  With  a  longer  contact  time  the  degree  of  de¬ 
composition  of  the  mixture  and  the  formation  of  light  hydrocarbons  increased  and  with  a  shorter  contact  time, 
there  was  less  reaction  of  the  mixture. 

From  a  comparison  of  the  data  obtained  on  the  two  catalysts  it  follows  that  the  dehydrogenation  of  butane- 
butylene  mixtures  over  an  oxide  catalyst  proceeds  with  higher  yields  of  butadiene  calculated  both  on  the  mix¬ 
ture  passed  and  on  the  mixture  reacting  at  a  higher  degree  of  mixture  conversion  in  a  pass  than  in  the  case  of 
the  chromium -aluminum  catalyst.  Dehydrogenation  proceeded  in  the  presence  of  water  vapor,  which  considerably 
facilitated  the  process  in  comparison  with  inert  diluents  or  the  use  of  reduced  pressure  and  made  it  possible  to 
carry  out  the  process  in  long  cycles  without  regenerating  the  catalyst.  The  results  obtained  are  of  interest  also 
in  that  they  offer  the  possibility  of  partially  reducing  the  energy  consuming  stage  of  separating  butane -butylene 
mixtures  in  the  general  scheme  for  preparing  butadiene  from  butane  and  from  cracking  gases. 

SUMMARY 

1.  The  dehydrogenation  of  butane -butylene  mixtures  may  be  carried  out  in  the  presence  of  water  vapor 
on  an  oxide  catalyst  for  the  dehydrogenation  of  butylene.  At  620-635*.  a  flow  rate  of  1000-1350  liter/ liter » 
cat  "hour  and  dilution  with  water  vapor  in  a  molar  ratio  of  1 :  7-8,  the  yields  of  butadiene  were  19.870  calculated 
on  the  mixture  passed,  about  407o  on  the  butylene  passed  and  75-807o  on  the  mixture  reacted. 

The  process  may  be  carried  out  in  long  cycles  without  regeneration  of  the  catalyst. 

•The  chromium -aluminum  catalyst  was  presented  to  us  by  M.  N.  Marushkin. 
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2.  Over  a  chromium -aluminum  catalyst,  water  vapor  hindered  the  dehydrogenation  of  butane  into  butylene 
and  promoted  conversions  of  butylene  with  the  formation  of  decomposition  products.  In  the  dehydrogenation  of 
butane -butylene  mixtures  over  a  chromium -aluminum  catalyst  in  the  absence  of  diluent  at  635*.  a  flow  rate  of 
2360-3350  liter /liter*cat  ’hour  and  a  component  ratio  of  1 : 1,  the  yields  of  butadiene  were  11.6%  calculated  on 
the  mixture  passed  and  37-49.5%  on  that  decomposed.  The  catalyst  was  rapidly  covered  with  carbon  and  required 
frequent  regeneration. 
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CATALYTIC  CONVERSIONS  OF  1 ,1  -  D IM  ET  H  Y  LC  Y  C  LO  HEX  A  NE 
AND  1 -METHYL-1  “ETHYLCYCLOHEXANE  IN  THE  PRESENCE  OF 
AN  ALUMINOSILICATE  CATALYST 

N.  A.  Radzhabli-Seldova ,  S.  I.  Khromov,  R.  M.  Gitina, 
E.  S.  Balenkova,  E.  G.  Treshchova  and  B.  A.  Kazanskii 
Moscow  State  University 


Cycloparaffins  containing  a  quaternary  carbon  atom  in  a  six-membered  ring  are  found  in  petroleum.  Thus, 
investigations  of  the  individual  composition  of  benzines  from  petroleum  from  various  depositr  showed  that  ben¬ 
zines  from  Surakhan,  Embin, Tuimazin  and  Karachukur  oils  contained  1 ,1  -dimethylcyclohexane  and  1 ,1 ,3-tri- 
methylcyclohexane  [1].  Work  has  also  been  done  [2]  on  the  conversions  of  1,1 -dimethylcyclohexane  on  an  alumi¬ 
nosilicate  catalyst  at  540*.  Due  to  the  fact  that  the' authors  of  this  had  small  amounts  of  hydrocarbon  for  the 
investigation,  they  did  not  carry  out  a  detailed  analysis  of  the  gaseous  and  liquid  portions  of  the  catalyzate.  It 
therefore  seemed  interesting  to  study  the  behavior  of  the  simplest  gem-methylalkylcyclohexanes  under  catalytic 
cracking  conditions  on  an  aluminosilicate  catalyst.  For  this  purpose  we  studied  the  behavior  of  1,1 -dimethylcy¬ 
clohexane  and  1- methyl -1-ethylcyclohexane  on  an  aluminosilicate  catalyst  at  500*.  We  thus  obtained  gaseous 
products,  a  liquid  condensate  and  coke  deposited  on  the  catalyst. 

The  gaseous  products  obtained  were  first  subjected  to  low -temperature  fractionation  and  the  composition 
of  the  fractions  obtained  was  then  investigated  on  a  VTI  (All-Union  Heat  Engineering  Institute)  apparatus.  To 
establish  the  composition  of  the  liquid  catalyzate  we  used  sharp  fractionation,  chromatographic  adsorption  on 
silica  gel  and  optical  and  chemical  investigation  methods. 

On  the  basis  of  the  analysis  we  established  the  following  approximate  weight  percent  composition  of  the 
conversion  products  of  1,1 -dimethylcyclohexane:  gaseous  hydrocarbons  21.4,  liquid  paraffinic  hydrocarbons  2.6, 
naphthene  hydrocarbons  8.4,  aromatic  hydrocarbons  45.2  and  coke  22.4. 

For  1 -methyl-1 -ethylcyclohexane  we  found  the  following  comp>osition  (in  weight  %):  gaseous  hydrocarbons 
10.8,  mixture  of  paraffinic  and  naphthene  hydrocarbons  23.0,  aromatic  hydrocarbons  40.5  and  coke  25.7. 

From  a  consideration  of  the  experimental  data  we  can  assume  that  on  an  aluminosilicate  catalyst  there 
occurs  successive  or  simultaneous  removal  of  one  or  two  alkyl  groups  from  the  gem -dialky Icyclohexane  with 
partial  isomerization  of  the  ring  and  hydrogenation  due  to  disproportionation  of  hydrogen.  There  is  also  dehydro¬ 
genation  of  the  cyclohexane  and  methylcyclohexane  formed  to  benzene  and  toluene.  A  considerable  portion  of 
the  six-membered  naphthenes  are  methylated  by  the  cracking  products  with  the  formation  of  mainly  di-  and 
trimethylsubstituted  cyclohexanes  with  their  subsequent  dehydrogenation  to  the  corresponding  aromatic  hydro¬ 
carbons.  Also  we  cannot  exclude  the  possible  formation  of  substituted  aromatic  hydrocarbons  due  to  methylation 
of  the  benzene  ring.  The  process  of  aromatic  hydrocarbon  formation  is  apparently  complicated  by  the  dispro¬ 
portionation  of  methyl  groups  under  the  catalysis  conditions  chosen  [3-5].  The  paraffinic  hydrocarbons  contained 
in  the  catalyzates  are  apparently  the  cracking  products  of  naphthenes. 

The  direction  of  the  catalytic  conversions  of  gem-dialkylcyclohexanes  are  illustrated  by  the  scheme  (see 
page  2184). 
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TABLE  1 


Components 

Composition  of  gas  ( in  %) 

volume 

weight 

Hydrogen  . 

42.1 

4.5 

Methane  . 

31. .'5 

27.0 

Ethylene  . 

1.2 

1.7 

Ethane  . 

1  1.1 

1.7 

Propane  . 

14.5 

.33.9 

Isobutylene  . 

0.1 

0.1 

Butane  (mixture)  . 

9.5 

31.1 

S  CmH2r . 

1..3 

1.8 

S  C„H2H-t2 . '• 

98.7 

98.2 

2  C„n2M/2  C„H2«42 . 

0.013 

0.018 

TABLE  2 


Fraction 

No. 

Boiling  range 
at  737  mm 

"ij** 

d/' 

Amount  of  products 

in  g 

^  weight 

1 

30.0—  82.6° 

1.3940. 

0.6733 

0.50 

1.0 

2 

82.6—110.2 

1.4390 

0.7714 

1.77 

3.5 

3 

110.2-114.0 

1.4421 

0.7927 

1.14 

2.3 

4 

114.0—117.1 

1.4.342 

0.7878 

1.35 

2.7 

5 

117.1-120.0 

1.4290 

0.7770 

34.57 

68.9 

6 

120.0—126.0 

1.4380 

0.8150 

1.24 

2.5 

7 

126.0-139.4 

1.4861 

0.8544 

3.98 

7.9 

8 

1,39.4—152.0 

1..5002 

0.8542 

1.35 

2.7 

Residue 

1.5235 

0.9081 

2.50 

5.0 

Losses 

_ 

— 

1.80 

3.5 

EXPERIMENTA  L 

Synthesis  of  Starting  Hydrocarbons • 

1,1-Plmethylcyclohexane  [6,  7],  By  reduction  with  amalgamated  aluminum  in  dry  benzene,  from  cyclo- 
pentanone  and  acetone  we  obtained  l>isopropylcyclopentane-l,6-diol.  By  the  action  of  63^  sulfuric  acid  on  the 
mixed  pinacone,  the  latter  was  converted  into  l,l-dimethylcyclohexanone“2.  The  hydrazone  obtained  was 
reduced  in  diethylene  glycol  in  the  presence  of  solid  potassium  hydroxide  to  give  1 ,1-dimethylcyclohexane  in 
72.3^0  yield.  After  chromatography  and  distillation  on  an  80  theoretical  plate  column,  the  1,1-dimethylcyclo- 
hexane  had  the  following  constants: 

B.p.  118.8-118.9*  (750  mm),  n*®D  1.4297,  di*®  0.7765,  MRp  37.23.  CjHje.  Calculated  36.94. 

Uterature  data  [6]:  b.p.  119.2-119.4*  (748  mm),  i^®D  1.4296,  ds*®  0.7803. 

1- Methyl-1 -ethylcyclohexane  [8],  We  synthesized  1-methylcyclohexanol-l  from  cyclohexanone  and 
methylmagnesium  bromide.  1-Chloro-l-methylcyciohexane  was  prepared  by  shaking  the  tertiary  alcohol  with 
hydrochloric  acid.  Reaction  of  the  chloro  compound  with  diethylzinc  in  tetralin  yielded  1 -methyl -1-ethylcyclo- 
hexane  in  37^  yield. 

After  chromatography  and  fractionation  on  an  80  theoretical  plate  column,  the  1 -methyl -1-ethylcyclo- 
hexane  obtained  had  the  following  properties: 

B.p.  151. 0-151.2*  (744.5  mm),  i]?®D  1.4420,  d4*®  0.8050,  MRp  41.42.  C9H1,.  Calculated  41.56. 

Literature  data  [9]:  b.p.  151.6-151.8*  (748  mm),  n?®D  1.4422,  d/®  0.8053. 

*  See  scheme  on  p.  2184. 
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TABLE  3 


Catalysis  products 

Amount  of  products 

in  g 

In  weight 

Gaseous  hydrocarbons 

Liquid  paraffinic  hydrocarbons 
Naphthene  hydrocarbons: 

Cis-l,2-aimethylcyclopentane 
Methylcyclohexane  .  , 

Aromatic  hydrocarbons:  .  . 

Toluene 

p-Xylene  .  . 

m -Xylene  .  .  . 

o-Xylene  .... 

1,3,0-Trimethylbenzene  .  .  . 
1,2,4-Trlmethylbenzene  .... 
Coke  .  .... 

4.1 

0.5 

1.6 

1.0 

0.6 

8.7 

1.1 

1.6 

2.9 

1.1 

0.5 

1.5 

4.3 

21.4 

2.6 

8.4 

5.3 
3.1 

45.2 

5.7 

8.3 
15.1 

5.7 
2.6 

7.8 

22.4 

Total  .... 

19.2 

100 

TABLE  4 


Components 


Composition  of  gas  (in  %) 


volume 


weight 


Hvdrogen  .  .  . 

Methane  .  . 

Ethylene  .  . 

Ethane  .  . 

Propylene  .  . 

Propane  .  . 

n -Butylene 
Butanes  (mixture) 

2C„H2„ . 

S  C„H2«42  .... 

2c„n2„/2G„n.2„+2 


16.1 

0.7 

9.6 

3.9 

0.8 

0.5 

7.2 

5.7 

0.8 

1.0 

29.0 

33.2 

1.3 

2.0 

35.2 

53.0 

2.9 

3.5 

81.0 

95.8 

0.036 

0.036 

Catalytic  Conversions  of  Hydrocarbons 

The  catalytic  conversions  of  the  hydrocarbons  were  studied  on  a  flow  system  apparatus  with  automatic 
Input  of  the  hydrocarbon.  The  temperature  was  controlled  with  a  chromel-alumel  thermocouple,  which  was 
placed  in  a  glass  pocket  in  the  reaction  tube,  running  through  into  the  catalyst  bed.  Before  an  experiment,  the 
whole  system  was  flushed  with  nitrogen.  After  each  hour  of  operation,  the  catalyst  was  regenerated  in  a  stream 
of  dry  air  at  500-550*  for  5-6  hours.  The  coke  content  was  determined  from  the  amount  of  carbon  dioxide 
liberated,  which  was  absorbed  on  ascarite. 

Catalytic  Conversions  of  1,1-Dimethylcyclohexane.  In  preliminary  experiments  we  determined  the  effect 
of  temperature  on  degree  of  conversion  of  gem-dialkylcyclohexanes  on  the  example  of  1,1-dimethylcyclohexane. 
It  was  thus  established  that  considerable  conversion  of  the  hydrocarbon  (the  degree  of  conversion  was  A2A%)  was 
observed  at  500*;  the  latter  was  taken  as  the  optimal  temperature  for  the  conversion  of  gem-dialkylcyclohexanes. 

1,1-Dlmethylcyclohexane  was  passed  at  a  rate  of  13.95  ml/hour  (volume  rate  0.23  liter/ liter/hour)  over 
aluminosilicate  catalyst  (33.7  g),  placed  in  a  uniformly  heated  part  of  the  reaction  tube,  after  the  catalyst  had 
been  dried  and  its  activity  stabilized  at  500*.  To  obtain  a  sufficient  amount  of  catalyzate  for  the  investigation, 
we  carried  out  6  experiments,  as  a  result  of  which  65.28  g  (0.58  mole)  of  the  hydrocarbon  investigated  was 
passed  over  the  catalyst  and  we  obtained  52.0  g  of  liquid  catalyzate  with  i^®D  1.4398,  4900  ml  (4.1  g)  of  gas 
and  4.32  g  of  coke. 
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TABLE  6 


Frac¬ 

tion 

No. 

Boiling  range 
at  752  mm 

Amount  of  products 

in  g 

in  weight 

% 

1 

41.0—  78.5° 

1.3840 

0.6843 

0.4 

1.7 

2 

78.5—115.0 

1.4172 

0.7560 

1.4 

5.8 

3 

115.0-136.0 

1.4510 

0.8014 

0.72 

3.0 

4 

136.0—149.3 

1.4630 

0.8372 

1.64 

6.8 

5 

149.3—153.0 

1.4422 

0.8056 

15.93 

65.9 

6 

153.0—169.0 

1.4890 

0.8567 

0.56 

2.3 

Residue 

1.5122 

— 

2.00 

8.3 

Losses  .  . 

— 

— 

1..50 

6.2 

Total  .  . 

— 

— 

24.15 

l(K) 

TABLE  6 


Catalysis  products 

Amount  of  products 

1  8 

In  weight  °h 

Gaseous  hydrocarbons 

Mixture  of  paraffinic  and  naphthene 
hydrocarbons 

Aromatic  hydrocarbons: 

Benzene  . 

0.8 

1.7 

3.0 

w.l 

0.2 

0.4 

0.8 

1.5 

1.9 

10.8 

23.0 

40.5 

1.3 
2.7 

5.4 
10.8 
20.3 

2.5.7 

Toluene-  . 

m-)^lene  . 

1 ,3 ,5'-Trimethylbenzene . 

1,2,4-Trimethylbenzene . 

Coke  . 

Total  . 

7.4 

1  1(K) 

The  gaseous  catalysis  products  were  subjected  to  low-temperature  distillation  on  a  TsIATIM-51-V 
apparatus  (TsIATIM  =  Central  Sci.  Res.  Inst,  of  Aviation  Fuels  and  Lubricants)  Then  the  fractions  were 
analyzed  on  a  VTI  apparatus.  The  results  of  the  analysis  are  presented  in  Table  1. 

The  catalyzate  obtained  was  fractionated  on  a  column  with  an  efficiency  of  80  theoretical  plates.  The 
results  of  the  distillation  are  shown  in  Table  2. 

The  1st  fraction  contained  mainly  paraffinic  hydrocarbons. 

The  2nd  and  3rd  fractions  were  combined  and  investigated  optically.  Plotting  the  Raman  spectrum  gave 
the  following  approximate  composition  (in  °lo)‘.  cis-l,2-dimethylcyclopentane  34,  methylcyclohexane  21,  toluene 
35  and  1,1-dimethylcyclohexane  10. 

To  Identify  the  toluene  from  the  fraction  investigated,  we  prepared  the  dinitro  derivative  with  m.p.  69-70* 
(after  two  recrystallizations  from  ethanol);  a  mixed  melting  point  with  authentic  2,4-dinitrotoluene  was  not 
depressed. 

The  4th  and  6th  fractions,  judging  by  the  refractive  index,  contained  mainly  1,1-dimethylcyclohexane 
with  toluene  in  the  4th  fraction  and  with  xylenes  in  the  6th  fraction  (toluene  and  xylenes,  respectively,  were 
detected  in  the  3id  and  7th  fractions).  Calculation  from  the  refractive  index  gave  the  following  approximate 
composition  for  the  4th  fraction  (in  %):  toluene  13,  and  1,1-dimethylcyclohexane  87;  for  the  6th  fraction  (in  °hy. 
toluene  13  and  1,1-dimethylcyclohexane  8770. 
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The  5th  fraction.  Judging  by  Its  properties,  was  the  original  1,1-dlinethylcyclohexane. 

The  7th  and  8th  fractions  were  combined  and  Investigated  optically.  A  study  of  the  Raman  spectra  showed 
that  the  combined  fraction  had  the  following  percent  composition:  p-xylene  30,  m -xylene  50  and  o-xylene  20%. 

For  qualitative  confirmation  of  the  composition  of  the  aromatic  hydrocarbons,  the  latter  were  oxidized  with 
potassium  permanganate  [10].  Oxidation  of  1.5  ml  of  fraction  yielded  2.9  g  of  crude,  solid  carboxylic  acids. 

As  a  results  of  successive  separation  of  the  acids  we  isolated  0.1  g  of  o-phthallc  acid  (positive  reaction  with 
resorcinol),  which  melted  at  189-190*  in  a  sealed  capillary;  the  anhydride  of  the  acid,  obtained  by  sublimation 
on  heating  the  acid  to  240*,  had  m.p.  130*,  0.26  g  of  isophthallc  acid  and  0.17  g  of  terephthallc  acid.*  The  methyl 
esters  were  obtained  from  the  latter.  The  dimethyl  ester  of  isophthallc  acid  melted  at  66-67*  and  the  dimethyl 
ester  of  terephthallc  acid  at  139-140*. 

The  residue  boiled  In  the  range  158-175*  (n’°D  1.5061)  and  according  to  the  Raman  spectrum  data  was  a 
mixture  of  1,3,5-trimethylbenzene  (25%)  and  1,2,4-trimethylbenzene  (75%). 

On  the  basis  of  the  investigations,  we  calculated  the  approximate  percent  composition  of  the  products 
obtained  as  a  result  of  catalytic  conversions  of  1,1-dimethylcyclohexane  on  an  aluminosilicate  catalyst  at 
500*  (allowing  for  the  amount  of  unchanged  starting  hydrocarbon)  and  this  is  presented  In  Table  3. 

The  degree  of  hydrocarbon  conversion  was  42.4%  (calculated  on  the  amount  of  starting  hydrocarbon  sub¬ 
jected  to  catalysis). 

Catalytic  Conversions  of  l-Methyl-l-ethylcyclohexane.  1- Methyl-1 -ethylcyclohexane was  studied  under 
the  same  conditions  as  1,1-dimethylcyclohexane,  i.e.,at  500*  and  a  volume  rate  of  0,23  liter/ liter/hour.  37.43  g 
(0.3  mole)  of  hydrocarbon  was  passed  over  the  catalyst  and  we  obtained  30.98  g  of  liquid  catalyzate  with  t?**D 
1.4548  ,  600  ml  (1.05  g)  of  gas  and  2.43  g  of  coke. 

After  fractionation  on  a  TsIATIM-52  apparatus,  the  gaseous  catalysis  products  were  investigated  on  a  VTI 
apparatus.  The  composition  of  the  gas  obtained  Is  presented  In  Table  4. 

The  fractions  isolated  from  the  liquid  catalyzate  by  fractionation  on  an  80  theoretical  plate  column  and 
their  properties  are  presented  in  Table  5. 

The  1st  fraction,  judging  by  the  constants,  consisted  mainly  of  a  mixture  of  paraffinic  hydrocarbons. 

The  2nd  fraction  contained  about  3%  of  benzeine  and  7%  of  toluene  according  to  the  ultraviolet  absorption 
spectrum.  Due  to  the  small  amount,  the  nonaromatic  part  was  not  investigated.  However,  the  absence  of 
unsaturated  hydrocarbons  from  this  fraction  and  the  constants  of  the  fraction  indicate  that  U  was  mainly  a  mix¬ 
ture  of  paraffinic  and  naphthene  hydrocarbons. 

The  3rd  and  4th  fractions  were  combined  and  subjected  to  chromatographic  adsorption  on  silica  gel.  The 
constants  of  the  dearomatized  part  (1.45  g  was  Isolated)  [b.p.  148.5-150.0*  (739  mm),  n*®D  1.4419,  di***  0.8053], 
Indicate  that  it  consisted  of  the  starting  hydrocarbon.  The  aromatic  part  of  the  fraction  (0.55  g)  had  the  following 
constants:  b.p.  135-142*  (756  mm)  (according  to  Sivolobov's  method),  i^®D  1.4966,  di*®  0.8651  and  was  ex¬ 
amined  on  an  IKS -11  infrared  spectrometer.  The  fraction  was  found  to  contain  40%  of  p-xylene  and  60%  of 
m -xylene  by  the  procedure  of  Young  et  al.  [11]. 

The  5th  fraction,  judging  by  its  properties,  was  unchanged  1 -methyl-1 -ethylcyclohexane.  The  Raman 
spectrum  confirmed  this. 

The  6th  fraction  was  studied  by  infrared  spectroscopy  [11].  It  was  found  that  the  fraction  consisted  of  a 
mixture  of  70%  of  1,3,5-trimethylbenzene  and  30%  of  1,2,4-trimethylbenzene. 

The  residue  obtained  on  fractionating  the  catalyzate  and  boiling  over  the  range  170.0-180.0*  and  having 
rt»®D  1.5108  was  studied  by  an  optical  method.  According  to  the  Raman  spectrum,  the  residue  contained  1,3,5- 
trimethylbenzene  (~25%)  and  1,2,4-trimethylbenzene  (~7 5%). 

On  the  basis  of  the  above  investigations  we  present  the  following  approximate  percent  composition  for 
the  catalysis  products,  calculated  on  the  amount  of  1 -methyl -1 -ethylcyclohexane  changed  on  passing  over  the 
catalyst  at  500*  (Table  6).  The  degree  of  conversion  of  the  hydrocarbon  was  42.5%. 

*As  in  original -Publisher's  note. 
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SUMMARY 

1.  A  study  was  made  of  the  conversions  of  1,1-dimethylcyclohexane  and  l>methyl-l-ethylcyclohexane 
in  contact  with  aluminosilicate  catalyst  at  500*. 

2.  Under  the  catalysis  conditions  chosen,  processes  occurred  with  the  elimination  of  alkyl  groups  from  the 
quaternary  carbon  atom  in  the  ring,  hydrocracking,  methylation  and  aromatization ,and  there  was  also  isomeriza¬ 
tion  of  six-membered  rings  into  five-membered  ones.  It  was  established  that  the  main  convenion  products  were 
aromatic  hydrocarbons,  while  paraffinic  and  naptbene  hydrocarbons  were  formed  to  a  lesser  extent. 
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CATALYTIC  CONVERSIONS  OF  1  -  MET  H  Y  L  - 1  -  PROP  Y  LC  Y  C  LOHEX  A  NE 


AND  1 -METHYL-l -BUTYLCYCLOHEXANE  ON  AN  ALUMINOSILICATE 
CATA  LYST 

N.  A.  Radzhabll-Seldova,  S.  I.  Khromov,  Ch.  Dorzhin, 

E.  S.  Balenkova,  E.  G.  Treshchova  and  B.  A.  Kazanskii 
Moscow  State  University 


Continuing  investigations  of  the  behavior  of  gem-dialkylcyclohexanes  under  catalytic  cracking  conditions 
[1],  we  synthesized  l-methyl-l-propylcyclohexane  and  1 -methyl-1 -butylcyclohexane  and  studied  their  conver¬ 
sions  on  an  aluminosilicate  catalyst  at  500*. 

Under  the  chosen  catalysis  conditions,  the  hydrocarbons  yielded  gaseous  hydrocarbons,  a  liquid  condensate 
and  coke  deposited  on  the  catalyst.  The  gaseous  products  were  subjected  to  low -temperature  fractionation  on  a 
TsIATIM-51-U  apparatus  (TsIATIM  =  Central  Sci.  Res.  Inst,  of  Aviation  Fuels  and  Lubricants),  following 
which  the  fractions  isolated  were  investigated  on  a  VTI  (All-Union  Heat  Engineering  Institute)  apparatus.  To 
establish  the  composition  of  the  liquid  part  of  the  catalyzate  we  used  sharp  fractionation,  chromatographic  ad¬ 
sorption  on  silica  gel  and  optical  and  chemical  investigation  methods. 

As  a  result  of  analyzing  the  conversion  products  of  1 -methyl-1 -propylcyclohexane,  we  obtained  the 
following  composition  (in  weight  ’loy.  gaseous  hydrocarbons  23.8,  liquid  paraffinic  hydrocarbons  5.9,  naphthene 
hydrocarbons  20.5,  aromatic  hydrocarbons  33.3  and  coke  16.5.  From  1 -methyl-1 -butylcyclohexane  we  obtained 
(in  weight  %):  gaseous  hydrocarbons  30.6,  liquid  paraffinic  hydrocarbons  4.8,  naphthene  hydrocarbons  17.0, 
aromatic  hydrocarbons  41.8  and  coke  5.8. 

The  results  obtained  largely  confirmed  the  rules  we  observed  on  studying  the  catalytic  conversions  of 
1,1-dimethylcyclohexane  and  1-methyl-l-ethylcyclohexane.  The  main  catalytic  conversion  products  of  the 
hydrocarbons  studied  were  also  aromatic  hydrocarbons  with  a  ratio  of  m -xylene  to  p-xylene  formed  of  2 : 1  and 
a  ratio  of  liquid  paraffins  to  naphthenes  in  the  catalyzate  of  1 : 3.5  regardless  of  the  starting  gem-dialkylcyclo- 
hexane. 

The  saturated  hydrocarbons  propane  and  butane  predominated  in  the  gaseous  products.  It  should  be  noted 
that  with  an  increase  in  the  number  of  carbon  atoms  in  the  alkyl  group  of  gem-methylalkylcyclohexanes,  the 
degree  of  conversion  during  catalysis  increased  from  42.4%  for  1,1-dimethylcyclohexane  to  84.2%  for  1-methyl- 
1 -butylcyclohexane. 


EXPERIMENTA  L 

Synthesis  of  1 -Methyl-1 -propylcyclohexane  [2].  From  cyclohexanone  and  methylmagnesium  bromide 
we  obtained  1-methylcyclohexanol-l.  By  shaking  with  hydrochloric  acid,  the  tertiary  alcohol  obtained  was 
converted  into  1-chloro-l-methylcyclohexane.  An  ether  solution  of  the  chloride,  mixed  with  5  g  of  mercuric 
chloride  was  slowly  added  to  an  ether  solution  of  propyl  magnesium  bromide.  The  reaction  mixture  was  heated 
for  50  hours  then  the  bulk  of  the  ether  was  removed  and  400  ml  of  dry  toluene  added,  after  which  the  contents 
of  the  reaction  flask  were  heated  at  the  boiling  point  of  toluene  for  a  further  10  hours.  After  decomposition  of 
the  reaction  mixture,  the  ether  and  toluene  were  removed  and  the  residue  boiled  over  sodium  and  fractionated 


TABLE  1 


Components 


Hvdrogen 

Methane 

Ethylene 

Ethane 


Propylene 
Propane 
Isobutylene 
n -Butylene 
Butanes  (mixture) 

S  C«H2h . 


2C*H2„+2  .... 

^  CjiHjk/S  C||H2||42 


Composition  of  gas  ( In  %) 


volume 


weight 


15.4 

10.9 

4.5 

2.7 
2.9 

27.0 

0.2 

0.2 

36.2 

7.8 


0.8 

4.4 

3.0 

2.1 

3.1 

30.1 

0.3 

0.4 

55.8 

6.8 


76.8  76.8 

0.101  0.073 


TABLE  2 


a 

o 

^  . 
£z 

1 

Bolling  range 
at  749  mm 

Vj,” 

1 

Amount  of  products 

g 

% 

1 

31.5—  71.5° 

1.3823 

0.6817 

4.32 

4.2 

2 

71.5—  73.0 

1.4122 

0.7484 

1.61 

1.5 

3 

73.0—108.0 

1.4257 

0.7638 

11.39 

11.0 

4 

108.0—109.5 

1.4959 

0.8660 

4.05 

4.0 

5 

109.5—136.0 

1.4960 

0.8673- 

0.30 

0.3 

6 

136.0—147.0 

1.4983 

0.8730 

5.46 

5.3 

7 

147.0—169.0 

1.4842 

0.8594 

0.2 

0.2 

8 

169.0—172.0 

1.4450 

0.8081 

68.29 

66.0 

Residue  .  . 

1.5257 

— 

6.41 

6.2 

Losses  •  • 

— 

1.35 

1.30 

to  give  a  12.6%  yield  of  1 -methyl-1 -propylcyclohexane.  After  chromatography  and  distillation  on  an  80  theore¬ 
tical  plate  column,  the  hydrocarbon  had  the  following  properties: 

B.p.  172.3-172.6*  (749  mm),  67.0-67.2*  (22  mm),  nF*D  1.4469,  ds*®  0.8076,  MRp  46.18;  calc.  46.18. 

Literature  data  [2]:  b.p.  172.5-172.8*  (766  mm),  67.0-67.6*  (22  mm),  nP®D  1.4446,  d**®  0.8077. 

Synthesis  of  1- Methyl-1 -butylcyelohexane  [3].  By  the  method  described  above  we  synthesized  1 -methyl -1- 
butylcyclohexane  In  8%  yield  from  butylmagnesium  bromide  and  1-chloro-l-methylcyclohexane  by  the  Grignard  - 
Wurtz  reaction.  After  chromatography  and  distillation  on  an  80  theoretical  plate  column,  the  hydrocarbon  had 
the  constants: 

B.p.  191.5-192.0*  (756  mm),  73.0-73.2*  (12  mm),  i^®D  1.4480,  ds*®  0.8138,  MRd  60.66.  CuH„.  Calcu¬ 
lated  50.80. 

Literature  data  [3]:  b.p.  191.5*  (758  mm),  ii?®D  1.4477,  d4*®  0.8133. 

Catalytic  Conversions  of  Hydrocarbons 

The  hydrocarbon  was  fed  into  a  flow-type  apparatus  automatically  at  a  volume  rate  of  0.23  liter/ liter/ hour. 
The  experiments  were  carried  out  at  500*.  After  each  hour  of  operation,  the  catalyst  was  regenerated  for  5-6 
hours  in  a  stream  of  dry  air  at  500-550*.  The  carbon  dioxide  liberated  thus  was  absorbed  with  ascarite  and  from 
the  increase  in  weight  of  the  latter  we  determined  the  amount  of  coke  deposited  on  the  catalyst. 

Before  a  catalysis  experiment,  the  system  was  flushed  with  nitrogen  and  the  experiments  were  carried  out 
without  a  carrier  gas. 
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TABLE  3 


Catalysis  products 


Gaseous  hydrocarbons 
Liquid  paraffinic  hydrocarbons 
Isopentane 
2-Methylpentane 
Naphthene  hydrocarbons 

Cyclopentane  .  . 

Methylcyclopentane  .  . 

Cyclohexane 
Methylcyclohexane 
Aromatic  hydrocarbons 
Benzene 

Toluene  . 

m  “Xylene  . 

P“Xylene  .  . 

o-Xylene 

1 ,3,0-Trimethylbenzene 
1,2,4-Trlmethylbenzene  . 
Coke  . 


TABLE  4 


Components 


Amount  of  products 


g 


13.3 

23.8 

3.3 

5.9 

2.0 

3.0 

1.3 

2.3 

11.4 

20.5 

0.9 

1.6 

1.0 

2.9 

1.5 

2.7 

7.4 

13.3 

18.6 

33.3 

0.2 

0.3 

6.8 

12.2 

1.6 

2.9 

3.0 

5.4 

1.0 

1.8 

1.5 

2.7 

4.5 

8.0 

9.2 

10.5 

Hydrogen  .  . 

Methane  .  . 

Ethylene 
Ethane 
Propylene 
Propane 
n -Butylene 
Butanes  (mixture) 

2C„H2„ . 

SC„Il2„+2  .  .  .  . 

S  C„Il2n/w  C„H2„^2 


Composition  of  gas  (in  %) 


volume 


20.5 

1.5.4 

1.5 

7.5 

5.5 
18.1 

0.4 

2.5.1 

13.4 

60.1 
0.1.55 


weight 


1.2 

7.1 

1.1 
0.0 
0.3 

22.0 

hW 

42.7 

19.5 

79.3 

0.242 


Catalytic  Conversion  of  1 -Methyl-1 -propylcyclohexane.  Under  the  catalysis  conditions  chosen,  147.29  g 
(1.1  mole)  of  methyl-1 -propylcyclohexane  was  passed  over  an  aluminosilicate  catalyst  (33.7  g);  we  obtained 
112.3  g  of  liquid  catalyzate  with  r?®D  1.4590,  8250  ml  (14.46  g)  of  gas  and  ~10.01  g  of  coke. 

The  results  of  the  gas  analysis  are  presented  in  Table  1. 

Fractionation  of  the  liquid  catalyzate  obtained  on  a  column  with  an  efficiency  of  80  theoretical  plates 
yielded  the  following  fractions  (Table  2). 

The  1st  fraction  (b.p.  31.5-71.5*)  was  shown  to  contain  the  following  components  by  means  of  the  Raman 
spectrum  (in'Jfe):  isopentane  45,  cyclopentane  20,  2-methylpentane  30  and  benzene  5. 

2nd  fraction  (b.p.  71.5-73.0*).  According  to  its  constants,  this  fraction  corresponded  to  methylcyclopentane; 
literature  data  for  methylcyclopentane  [4]:  b.p.  71.9*  (760  mm),  ii?®D  1.4099,  d**®  0.7488.  The  presence  of 
methylcyclohexane  was  also  confirmed  by  plotting  the  infrareck-absorption  spectrum. 

The  3rd  fraction  (b.p.  73,0-108.0**)  had  the  following  composition(in  ‘7o)  according  to  the  Raman  spectrum: 
cyclohexane  13,  methylcyclohexane  65  and  toluene  22, 


2187 


TABLE  5 


Fraction 

No. 

Boiling  range 
at  738  mm 

rij,” 

d," 

Amount  of  products 

g  1  % 

_ _ J _ 

1 

30.5—  70.5° 

1.3833 

0.6825 

1.08 

3.5 

2 

70.5—  78.3 

1.4190 

0.74.50 

2.99 

9.8 

3 

78.3—  98.5 

1.4155 

0.7482 

1.17 

3.8 

4 

98.5—108.2 

1.4421 

0.7865 

1.90 

6.2 

ft 

108.2—113.0 

1.4768 

0.8371 

1.50 

4.9 

6 

11.3.0—120.0 

1.4769 

0.8385 

0..59 

1.9 

7 

120.0-1.50.0 

1.4925 

0.8808 

4.13 

13.5 

8 

150.0-175.0 

1.4891 

0.8794 

3.17 

10.4 

9 

175.0—18.5.0 

1.4641 

0.7857 

2.12 

7.0 

10 

67.2—  74.0  (10  MM) 

1.4770 

0.8138 

6.93 

22.7 

Residue  .  .  . 

1.5.538 

0.9651 

3.38 

11.1 

Losses  .... 

1.60 

•5.2 

TABLE  6 


Catalysis  products 


Gaseous  hydrocarbons 
Liquid  paraffinic  hydrocarbons 
Naphthene  hydrocarbons 
Methylcyclopentane 
Methylcyclohexane 
Aromatic  hydrocarbons 
Benzene 
Toluene 
p -Xylene 
m -Xylene 

o-Xylene  .  • 

1 ,3 ,5-Trimethylbenzene .  . 
1,2,4-Trimethylbenzene.  . 
Coke  .... 


Amount  of  products 


g 


9.0 

30.6 

1.4 

4.8 

5.0 

17.0 

2.3 

7.8 

.  2.7 

9.2 

12.3 

41.8 

0.5 

1.7 

2.7 

9.2 

1.2 

4.1 

2.5 

8.5 

1.1 

3.7 

0.6 

2.0 

3.7 

12.6 

1.7 

5.8 

The  4th  fraction  corresponded  to  toluene  in  its  constants.  Literature  data  for  toluene  [6];  b.p.  110.6* 
(760  mm),  n*®D  1.4962,  d^***  0.8665.  The  Raman  spectrum  confirmed  this  supposition.  The  dinitroderivative 
obtained  from  this  fraction  melted  at  69-70*.  A  mixed  melting  point  with  authentic  2,4-dinitrotoluene  was 
not  depressed. 


The  5th  fraction  was  an  intermediate  between  the  4th  (toluene)  and  6th  (xylene)  factions.  Its  approximate 
composition,  calculated  from  the  refractive  index  was  toluene  96%  and  xylene  4%. 


The  6th  fraction  was  shown  to  contain  30%  of  p-xylene,  52%  of  m-xylene  and  18%  of  o-xylene  on  the 
basis  of  the  Raman  spectrum.  The  composition  of  the  fraction  was  confirmed  qualitatively  by  oxidizing  the 
aromatic  hydrocarbons  present  with  potassium  permanganate  [6].  Oxidation  of  1.8  g  of  fraction  yielded  3.83  g 
of  crude,  solid  carboxylic  acids  and  by  successive  separation,  this  yielded  (in  g);  orthophthalic  acid  0.66,  iso- 
phthalic  acid  1.05  and  terephthalic  acid  0.80. 

The  orthophthalic  acid  isolated  (positive  reaction  with  resorcinol)  melted  at  190-191*  and  when  it  was 
heated  to  240*  in  a  sealed  capillary,  phthalic  anhydride  with  m.p.  130*  sublimed  from  it.  The  methyl  esters 
were  prepared  from  isophthalic  and  terephthalic  acids.  Methyl  isophthalate  melted  at  66-67*  and  the  melting 
point  of  the  methyl  terephthalate  was  139-140*. 
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The  7th  fraction  was  probably  a  mixture  of  xylenes  and  the  starting  hydrocarbon;  the  approximate  com¬ 
position  of  the  fraction  calculated  from  the  refractive  Index  was  xylenes  lAPjo  and  1 -methyl -1-propylcyclohexane 
26%. 


The  8th  fraction  was  probably  the  starting  1 -methyl -1-propylcyclohexane.  The  Raman  spectrum  con¬ 
firmed  this  supposition. 

The  residue  (b.p.  165.8-178.0*,  n*®D  1.5113),  obtained  on  distilling  the  catalyzate  on  a  fractionating 
column,  contained  the  following  according  to  Raman  spectrum  data:  1,3,5-trimethylbenzene  25%  and  1,2,4- 
trimethylbenzene  757o. 

On  the  basis  of  the  data  presented  above.  Table  3  gives  the  approximate  percent  composition  of  the 
catalysis  products,  calculated  on  the  1 -methyl-1 -propylcyclohexane  converted. 

The  degree  of  conversion  of  the  hydrocarbon  was  49.5%  (calculated  on  the  amount  of  starting  hydrocarbon 
taken). 

Catalytic  conversions  of  1 -methyl -1-butylcyclohexane  were  studied  under  the  same  conditions  as  for 
1 -methyl -1-propylcyclohexane.  From  64.5  g  (0.42  mole)  of  1 -methyl -1-butylcyclohexane  we  obtained  44.6  g 
of  liquid  catalyzate  with  ii?®D  1.4633,  8500  ml  (13.1  g)  of  gas  and  2.5  g  of  coke. 

The  composition  of  the  gaseous  catalysis  products  Is  presented  In  Table  4. 

The  fractions  isolated  by  distillation  of  the  liquid  catalyzate  on  a  column  with  an  efficiency  of  40  theore¬ 
tical  plates  and  their  properties  are  presented  In  Table  5. 

The  1st  fraction  consisted  mainly  of  paraffinic  hydrocarbons. 

The  2nd -4th  fractions  were  combined  and  had  the  following  composition  (in  %)  according  to  Raman 
spectrum  data:  methylcyclopentane  37,  benzene  8,  methylcyclohexane  35  and  toluene  20. 

The  5th  and  6th  fractions  were  combined  and  subjected  to  chromatographic  adsorption  on  silica  gel  to 
separate  the  aromatic  hydrocarbons  from  paraffins  and  naphthenes.  The  constants  of  the  0.55  g  of  the  dearo- 
matized  part  of  the  fraction  isolated  by  chromatography  [b.p.  99-103*  (756  mm)  (determined  by  Sivolobov’s 
method),  n*®D  1.4232,  d/®  0.7699]  indicated  that  it  contained  methylcyclohexane,  which  was  also  detected  in 
the  preceding  fraction  of  the  catalyzate.  Literature  data  for  methylcyclohexane  [3]:  b.p.  100.3*  (760  mm), 
n*®D  1.4230,  d/®  0.7692.  ' 

The  1.34  g  of  the  aromatic  part  of  the  fraction  obtained  corresponded  to  toluene  in  its  constants  [5] 

[b.p.  109.5-110.0*  (756  mm),  n*®D  1.4960,  d4*®  0.8670].  For  identification,  the  dinitroderivative  with  m.p. 

69-70*  was  prepared.  A  mixed  melting  point  with  pure  2,4-dinitrotoluene  was  not  depressed. 

7th  and  8th  fractions.  The  hydrocarbons  of  the  7th  fraction  were  combined  with  the  aromatic  part  (2.29  g) 
of  the  8th  fraction,  isolated  by  chromatography  on  silica  gel,  and  investigated  by  a  spectral  method.  According 
to  Raman  spectrum  data,  the  combined  composition  was  p-xylene  18,  m-xylene  40,  o-xylene  17  and  1,2,4-tri- 
methylbenzene  25. 

The  dearomatized  part  of  the  8th  fraction  (0.61  g)  had  the  following  properties:  b.p.  191. 5-191. 8°(754  mm) 
(by  Sivolobov’s  method),  n^®D  1.4482,  d^*®  0.8139.  Comparison  of  the  constants  of  this  fraction  with  those  of 
1-methyl-l-butylcyclohexane  shows  that  it  was  the  original  hydrocarbon. 

The  9th  and  10th  fractions  we  considered  were  mainly  the  original  1-methyl-l-butylcyclohexane  with 
aromatic  hydrocarbons  present.  By  chromatographic  adsorption  the  combined  fractions  yielded  6.20  g  of  a 
naphthene  part  with  constants  [b.p.  191.0-191.5*  (752  mm),  n*®D  1.4479,  d^*®  0.8142]  which  corresponded  to  those 
of  the  original  hydrocarbon.  Besides  the  naphthene  fraction,  chromatography  yielded  2.55  g  of  a  mixture  of 
aromatic  hydrocarbons  with  b.p.  162.0-175.0*;  n*®D  1.5035,  d4*®  0.8698.  The  composition  of  these  hydrocarbons 
was  determined  by  the  Raman  spectrum.  It  was  found  that  they  were  1,2,4-trimethylbenzene  (76%)  and  1,3,5- 
trimethylbenzene  (24%). 

The  residue  was  not  analyzed  specially.  However,  the  high  boiling  point,  refractive  index  and  specific 
gravity  indicate  that  it  contained  condensed  aromatic  hydrocarbons. 


2189 


Table  6  glvci  the  approximate  percent  composition  of  the  catalysis  products  of  1 -methyl -l-butylcyclo- 
hexane,  calculated  on  the  hydrocarbon  converted  (the  residue  was  not  considered). 

The  degree  of  conversion  of  the  hydrocarbon  was  84.2^. 

SUMMARY 

1.  A  study  was  made  of  the  catalytic  conversions  of  1 -methyl-1 -propylcyclohexane  and  1 -methyl -1 -butyl - 
cyclohexane  on  an  aluminosilicate  catalyst  at  500*.  Under  the  catalysis  conditions  chosen,  on  the  aluminosilicate 
catalyst  there  occurred  elimination  of  alkyl  substituents  from  the  quaternary  carbon  atom, and  the  processes  of 
hydrocracking,  alkylation,  dehydrogenation  and  isomerization  of  the  six-membered  ring  into  a  five-membered 
one. 


2.  Aromatic  hydrocarbons  predominated  in  the  catalysis  products  but  paraffins  (mainly  gaseous)  and  five- 
and  six-membered  naphthenes  were  also  formed. 

When  the  number  of  carbon  atoms  in  the  alkyl  group  of  gem-methylalkylcyclohexanewas  increased,  the 
degree  of  conversion  of  the  hydrocarbon  increased. 
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DEMETHYLATION  DURING  H  YDROGENOLYS  IS  OF  F IVE  -  ME  MBERE  D 


CYCLANES  AND  n-ALKANES  ON  A  SKELETAL  Nl  -  A1  CATALYST 

N.  I.  Shuikln  and  M.  I.  Cherkathin 
Institute  of  Organic  Chemistry  Academy  of  Sciences  USSR 


In  1933  [1]  it  was  found  that  in  contact  with  platinized  charcoal  at  300-310*  in  excess  hydrogen,  penta- 
methylene  rings  were  opened  with  the  formation  of  alkanes.  In  subsequent  investigations  [2]  it  was  established 
that  platinized  charcoal  was  a  specific  catalyst  for  hydrogeqo lysis  of  C-C  bonds  of  a  five-membered  ring.  By 
studying  the  effect  of  the  nature  of  other  catalysts  on  the  character  of  the  hydrogenolysis  of  a  pentamethylene 
ring,  it  was  found  [3]  that  in  the  presence  of  a  nickel  —  alumina  catalyst  isoamylcyclopentane  and  n-butylcyclo- 
pentane  underwent  extensive  conversions  even  at  250*  with  the  formation  of  a  mixture  of  low-boiling  alkanes 
and  aromatic  hydrocarbons. 

An  attempt  to  hydrogenolyze  cyclopentane  in  the  presence  of  nickel  deposited  on  kieselguhr  [4]  established 
that  at  260-300*  there  was  rapid  cleavage  of  the  ring  with  the  formation  of  methane. 

Analogous  results  were  obtained  [5]  when  methylcyclohexane  was  passed  over  a  nickel  —  alumina  catalyst. 
Hydrogenation  of  this  hydrocarbon  at  260*  yielded  a  complex  mixture  of  alkanes,  which  could  not  be  separated 
on  an  efficient  column.  Such  a  rapid  decomposition  of  the  pentamethylene  ting  prompted  the  authors  to  deter¬ 
mine  the  effect  of  a  nickel  —  alumina  catalyst  on  the  hydrogenolysis  of  C  —  C  bonds  of  alkanes.  It  was  found 
that  even  at  260*  3-methylpentane  was  50^o  converted  into  methane. 

Somewhat  earlier  [6]  it  was  shown  that  in  the  presence  of  nickel  on  deactivated  kieselguhr  at  240-280*, 
selective  demethylation  of  branched  alkanes  occurred  with  the  formation  of  isoalkanes  with  shorter  chains: 


GHg  CII;, 

CIls-C— CH-VCH3  CH3-G-CH2-CH3  +  GH4 

j  I  •  fill — OIU,  I 

CH3  GH3  .  GH3 

Thus,  the  investigation  of  nickel  catalysts  in  the  hydrogenolysis  of  C  —  C  bonds  of  five-membered  cyclanes 
and  alkanes  showed  that  their  catalytic  properties  were  determined  by  the  nature  of  the  carrier  used.  Thus,  nickel . 
deposited  on  aluminum  oxide  [3,  5]  showed  no  specific  action  with  respect  to  either  five-membered  cyclanes 
or  alkanes  of  various  structures,  while  deposited  on  deactivated  kieselguhr  [6]  produced  selective  demethylation 
of  Isoalkanes. 

In  this  connection  it  seemed  interesting  to  study  the  effect  of  the  skeletal  nickel  —  aluminum  catalyst, 
which  is  widely  used  in  the  laboratory  and  in  industry,  on  the  character  of  the  hydrogenolysis  of  carbon  —  carbon 
bonds  of  pentamethylene  hydrocarbons  and  alkanes.  We  were  thus  able  to  find  comparatively  mild  conditions 
for  the  hydrogenolysis  of  the  pentamethylene  ring,  accompanied  by  partial  simplification  of  the  molecule  of  the 
original  hydrocarbon.  An  investigation  of  the  specific  features  of  the  skeletal  Ni  —  A1  catalyst  showed  that  it 
was  also  capable  of  producing  the  successive  demethylation  of  n-alkanes  under  the  same  conditions,  namely  at 
200*  and  normal  pressure. 
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TABLE  1 


Properties  of  Original  Hydrocarbons 


Hydrocarbons 

Boiling  point 
(pressure  in  mm) 

Dicyclopentyl 

188—189°  (745) 

1.4642 

0.8650 

Isoam  y  Icy  c  lopen  tane 

171.2(744) 

1.43.37 

0.7875 

1-Butylcyclo^ntene-l  . 
Ethylcyclopentane 
Methylcyclopentane 
Cyclopentane 

156.5(748) 

102.2(738) 

1.4488 

1.4196 

0.8  i  07 
0.7668 

71.2(748) 

1.4101 

0.7480 

48.7  (738) 

1.4063 

0.7452 

n “Hexane  .... 

68.0  (760) 

1.37.50 

0.6594 

n-Heptane  .... 

98.0  (760) 

1..3877 

0.6836 

n-Octane  .  . 

12.5.5(760) 

1.3972 

0.7024 

EXPERIMENT  A  L 

Experiments  on  the  hydrogenolysis  of  the  five-membered  ring  were  carried  out  with  dicyclopentyl,  Iso- 
amylcyclopentane,  1-butylcyclopentene-l,  ethylcyclopentane,  methylcyclopentane  and  cyclopentane  at  200* 
and  normal  pressure  in  the  presence  of  a  skeletal  nickel  —  aluminum  catalyst,  from  which  10%  (catalyst  No.  1) 
and  15%  (catalyst  No.  2)  of  the  total  available  aluminum  had  been  removed  by  treatment  with  10%  sodium 
hydroxide  solution.  The  original  alloy  contained  21°lo  of  nickel  and  73%  of  aluminum.  The  hydrocarbons  taken 
for  the  investigation  were  passed  through  a  glass  tube  with  the  catalyst  in  excess  hydrogen  at  a  volume  rate  of 
0.06-0.1  hour“^.  The  properties  of  the  original  hydrocarbons  are  presented  in  Table  1. 

The  n-alkanes,  n-hexane,  n-heptane  and  n-octane,  were  hydrogenolyzed  in  the  presence  of  Ni  —  A1 
catalyst  No.  2  at  200*  and  normal  pressure  and  with  a  volume  rate  of  0.06  hour"!.  The  results  obtained  are 
presented  in  Tables  2  and  3,  which  show  that  in  contrast  to  nickel  on  alumina,  the  skeletal  nickel  —  aluminum 
catalyst  had  a  definite  specific  action  with  respect  to  the  carbon  —  carbon  bonds  of  both  a  five-membered  ring 
and  of  n-alkanes. 

Thus,  in  the  hydrogenation  of  alkylcyclopentanes  on  a  skeletal  nickel  —  aluminum  catalyst,  even  at  200* 
the  five-membered  ring  was  opened  at  bonds  removed  from  the  alkyl  substituent  with  the  formation  of  isoalkanes; 
no  hydrogenolysis  of  the  C  —  C  bonds  in  the  side  chain  was  observed: 


Rupture  of  bonds 
E-3  or  <f-5 


TTi 


Ha 


;rr— Rupture  of 
N.-Al\  bonds  3-A 


where  r  =  h,ch,,CjH5,  Cl, 


CHj-CHj-CHj-CH-R 

CH, 

CHj-CH.-CH-R 

'  I 

CH, 

I  ^ 

CHj 


Normal  hydrocarbons  were  not  found  in  the  catalyzate.  Together  with  the  products  from  opening  of  the 
five-membered  ring  at  one  C  -  C  bond,  hydrocarbons  were  also  formed  with  one  or  two  CHj  groups  less  in  their 
molecule  than  in  the  original  cyclanes: 

Rupture  of  bonds 

Rupture  of  CH,  \  ^  CH,-CH,-CH-R  +  CH,  o  etc. 

^bonds  X  *  I 

CH, 
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TABLE  2 


Hydrogenolysls  Products  of  Hydrocarbons  of  the  Pentamethylene  Series  at  200°  and  Normal  Pressure 


Original 

hydrocarbon 

Ni-Al 

catalyst 

number 

Degree  of 
hydrogenolysls 
(in  %) 

Hydrogenation  and  hydrogenolysls  products 
isolated  and  their  properties  (yields  are 
given  in  °lo  of  catalyzate) 

Dicyclopentyl 

2 

80.3 

Low -boiling  hydrocarbons  (b.p.  50-125.2* 
at  742  mm,  n*®D  1.4080,  ds*®  0.7326)  - 
15.5‘7<>;  isopropylcyclopentane  (b.p. 
125.2-125.4*,  if®D  1.4239,  ds*®  0.7717)* 
6%:  2-cyclopentylbutane  (b.p.  151.2- 
152*,  r^®D  1.4348,  ds*®  0.7939)  -  12.4%; 
2-cyclopentylpentane  and  3-cyclo- 
pentylpentane  (b.p.  175-175.6*,  n*®D 
1.4403,  di*®  0.8060) -13.9%;  dicyclo¬ 
pentyl  -  27.1%.  • 

Isoamylcyclopentane 

1 

2 

73.2 

Low -boiling  alkanes  (b.p.  74-133*  at  760 
mm),  n*®D  1.3945,  di*®  0.7000)  -  19.1%; 
2,5-dimethylheptane  (b.p.  133-135*, 
i?®D  1.4046,  d^*®  0.7195)  -  14.0%;  2,5- 
dimethyloctane  and  2-methyl-5-ethyl- 
heptane  (b.p.  156.4-157.7*,  n*®D  1.4133 
d4*®  0.7377)  -  28.1%;  isoamylcyclo¬ 
pentane  —  33.5%. 

1  -Butylcyclopentene-1 

i 

2 

85 

Low -boiling  alkanes  (b.p.  60-89.5*  at 

760  mm),  — 10.7%;  2-methylhexane 
(b.p.  89.5-91.5*,  i?®D  1.3876,  ds*® 
0.6854)  —  4.2%;  3-methylheptane  (b.p. 
118.3-118.5*:  n*®D  1.3993,  d4*®  0.7080)* 
12.1%;  4-methyloctane  and  3-ethyl- 
heptane  (b.p.  140.3-141.5*:  n*®D  1.4064 
di*®  0.7205)  —  16.6%;  n-butylcyclopen- 
tane  —  22.1%.  • 

Ethylcyclopentane 

1 

40 

3-Methylpentane  [b.p.  61.0-63.0*  (748.5 
mm),  n*®D  1.3762,  d^*®  0.6650]  -  3.8%; 
3-methylhexane  and  3-ethylpentane 
(b.p.  90.0-93.0*,  r?®D  1.3912,  d**® 
0.6954)  — 13.7%;  ethylcyclopentane  — 
67.7%.  • 

Methylcyclopenta  ne 

1 

j 

43.0 

Isopentane  (b.p.  28.0-29.0  at  734  mm, 
n^D  1.3528,  di^®  0.6193)  -  1.7%; 
2-methylpentane  (b.p.  59.0-60.0*, 
n*®D  1.3718,  di*®  0.6538) -4.2%; 
2-methylpentane  and  3-methylpentane 
(b.p.  60-62.4*,  n*®D  1.3750,  dl*® 

0.6580)  —  6.8%:  methylcyclopentane  — 
66.8%. 

Cyclopentane 

1 

51.5 

n-Pentane  (b.p.  35.5-36.0*  at  742  mm, 
n*®D  1.3572,  d4*®  0.6265)  -  34.6%; 
cyclopentane  —  62.6%. 

*The  hydrocarbons  in  the  Intermediate  fractions  are  not  given. 
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TABLE  3 


The  Products  of  Demethylation  of  n-Alkanes  on  Skeletal  Ni  -  A1  Catalyst  2  at  Normal 
Pressure  and  200* 


Original  hydrocarbon 

Degree  of 
h^Ao^noly- 

Liquid  demethylation  products 
(in  %  of  catalyzate) 

n -Hexane  . 

58 

n-Pentane  24.8,  n-hexane  61.9 

n-Heptane  .... 

57 

n-Pentane  8.3,  n-hexane  20.7,  n-heptane  66.3 

n-Octane  . 

50 

n-Pentane  3.3,  n-hexane  7.1 

n-Heptane  14.2,  n-octane  67,1 

According  to  this  scheme  hydroge  no  lysis  of  the  pentamethylene  ring  occurs  at  one  C  —  C  bond  initially 
and  the  isoalkane  formed  then  undergoes  successive  demethylation  of  the  carbon  chain.  To  prove  the  mechanism 
proposed  we  studied  the  behavior  of  n-alkanes  under  the  same  conditions  as  those  used  for  hydrogenolysis  of  the 
alkylcyclopentanes  (Table  3). 

It  was  established  [7]  that  under  the  conditions  chosen,  n-hexane,  n-heptane  and  n-octane  underwent 
successive  selective  demethylation  with  the  formation  of  hydrocarbons  with  a  shortened  carbon  chain. 


CHa^CHa-CHz-CHo— CHa— CH2-CH2-CH3 
CHgi-CHa-CHa— CII2— CHa-GHa— CH3 


-cUT 

-chT 


H, 


CH3-ICH2-CH2— CH2-CH2-CH3  — ^  CH3— CHa— CHa— CHa— CH3 

:  --CH4 

The  main  hydrogenolysis  product  of  n-hexane  was  n-pentane.  The  catalyzate  obtained  in  experiments 
with  n-heptane  contained  n-hexane  in  addition  to  n-pentane.  Hydrogenolysis  of  n-octane  led  to  the  formation 
of  n-pentane,  n-hexane  and  n-heptane.  The  emergent  gases  contained  largely  methane. 

However,  the  shortening  of  the  carbon  chain  of  alkanes  formed  by  hydrogenolysis  of  cyclopentane  homologs 
proceeds  [»edominantly  at  the  expense  of  carbon  atoms,  which  were  previously  part  of  the  five-membered  ring. 
This  is  demonstrated  by  the  structure  of  the  isoalkanes  formed.  Thus,  for  example,  the  hydrogenolysis  of  ethyl- 
cyclopentane  should  yield  two  hydrocarbons  with  the  carbon  chain  shortened  by  one  CH|  group  (2-methylpentane 
and  3-methylpentane),  depending  on  the  end  of  the  carbon  chain  at  which  demethylation  of  the  initially  formed 
3-methylhexane  occurs: 


& 


CHi-CHj  — ^  CH,-t-CHj-CHj-CH -CHj-CH,  7 

CH, 


of  ’ •‘.y-CHt-CH.-CH- 


CH, 


CH, 


upture  of  5-8  bond 

CHj-CHt-CH-CHj-CH, 

CH, 


However,  it  was  found  that  hydrogenolysis  of  ethylcyclopentane  yielded  only  3-methylpentane.  Similar 
results  were  obtained  on  investigating  the  hydrogenolysis  of  other  cyclopentane  homologs.  Further,  experiment 
showed  that  under  the  same  conditions  the  degree  of  demethylation  of  alkanes  obtained  by  hydrogenolysis  of 
alkylcyclopentanes  was  considerably  higher  than  the  degree  of  demethylation  of  n-alkanes  with  the  same  num¬ 
ber  of  carbon  atoms.  This  made  it  possible  to  put  forward  the  hypothesis  that  on  the  catalyst  surface  hydrogenoly¬ 
sis  first  occurs  at  one'C  —  C  bond  of  the  pentamethylane  ring  and  then  the  isoalkane  formed,  still  remaining  in 
an  adsorbed  state,  undergoes  demethylation  to  lower  homo  logs. 

To  demonstrate  the  proposed  scheme  for  the  hydrogenolysis  of  alkylcyclopentanes,  we  studied  the  behavior 
of  a  hydrocarbon  whose  alkyl  radical  had  been  replaced  by  a  pentamethylene  ring. 
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The  results  obtained  by  hydrogenolysls  of  dlcyclopentyl  led  to  the  hypothesis  that  only  one  pentamethylene 
ring  was  adsorbed  at  first  on  the  catalyst  surface,  since  the  hydrogenolysis  products  contained  only  alkylcyclo- 
pentanes  and  no  alkanes.  Here,  together  with  alkylcyclopentanes  containing  the  same  number  of  carbon  atoms 
as  dicyclopentyl  (2 -cyclopentylpentane  and  3-cyclopentylpentane),  lower  homologs,  namely  2 -cyclopentyl - 
butane  and  isopropylcyclopentane,  were  also  formed.  Since  hydrogenolysis  of  the  C  -  C  bonds  of  the  side  chain 
of  the  alkylcyclopentanes  did  not  occur,  evidently  the  alkylcyclopentanes  formed  must  have  undergone  demethyl 
ation  before  their  desorption  from  the  catalyst  surface.  Thus,  a  molecule  of  dicyclopentyl  adsorbed  on  the  sur¬ 
face  of  the  skeletal  nickel  -  aluminum  catalyst  initially  underwent  hydrogenolysis  at  a  C  -  C  bond  of  one  of  the 
five-membered  tings  with  the  formation  of  alkylcyclopentanes  with  the  same  number  of  carbon  atoms  as  the 
original  hydrocarbon.  These  alkylcyclopentanes  were  partially  desorbed  from  the  surface  and  partially  remained 
on  the  catalyst  surface,  undergoing  hydrogenolysis  to  hydrocarbons  with  a  shortened  alkyl  chain,  which  then 
underwent  similar  conversions  as  long  as  there  were  side  chains  on  the  five-membered  ring.  This  route  for  the 
formation  of  alkylcyclopentanes  with  a  shortened  chain  may  be  represented  by  the  following  scheme: 


OC 


Adsorption 


•  -iDesorptio 


CLcH-CHg-CHj-CHj 


CH, 


Q-ch<^ 


U-CH- 


GHj-CH, 

CHj-CHj 


CHj— CHj-fCHj 


CH, 


toesorptlon 


CL 


CH 


,CHj-f CH, 
CHg— CHj 


a 


CH— CHe-CH, 
CH, 


+  CH4 


CH-CHj-f 

CH, 


Desorption 


/CH, 

CH\ 

CH, 


+  CH, 


The  results  obtained  in  our  work  show  that  the  skeletal  nickel  —  aluminum  catalyst  has  a  high  activity 
and  specificity  with  respect  to  the  hydrogenolysis  of  C  —  C  bonds  of  five-membered  cyclanes  and  alkanes. 

SUMMARY 

1.  It  was  established  that  alkylcyclopentanes  undergo  hydrogenolysis  over  a  skeletal  nickel  —  aluminum 
catalyst  at  200*  and  normal  pressure  to  form  alkanes,  which  then  undergo  successive  demethylation  to  lower 
alkanes  under  these  conditions. 

2.  It  was  found  that  under  these  conditions  the  dicyclopentyl  molecule  undergoes  hydrogenolysis  at  only 
one  pentamethylene  ring  with  the  formation  of  cyclanes  with  a  shorter  alkyl  chain  in  addition  to  isoamylcyclo- 
pentanes. 

3.  Under  the  same  conditions  n-alkanes  undergo  successive  demethylation  to  hydrocarbons  with  a  shorter 

chain. 
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CATALYTIC  HYDRODEALKYLATION  OF  PO  LY  A  LK  Y  LB  EN  ZE  N  ES 


I.  DEMETHYLATION  OF  TOLUENE  ON  10%  Ni  -  AljOj.  EFFECT  OF  HYDROGEN  PRESSURE 

N.  I.  Shuikin,  N.  F.  Kononov  and  L.  K.  Kaihkovskaya 
Institute  of  Organic  Chemistry  Academy  of  Sciences  USSR 

The  national  economy's  need  of  benzene,  which  is  one  of  the  most  important  products  in  the  production 
of  synthetic  fibers,  plastics,  detergents,  synthetic  dyes  etc.,  is  considerably  greater  at  the  present  time  than  the 
need  of  toluene  and  certain  other  benzene  homologs.  The  use  of  toluene  in  the  civil  section  of  industry  is  quite 
limited  and  the  problem  of  assimilating  the  excess  toluene  from  both  coal-tar  and  oil  sources  by  its  demethylation 
to  give  benzene  is  of  undoubted  practical  interest. 

Work  begun  in  1954  by  one  of  the  authors  [1-5]  on  the  catalytic  conversions  of  aromatic  hydrocarbons 
(benzene,  toluene,  ethylbenzene,  isopropylbenzene,  xylene  etc.)  under  benzine  reformation  conditions  at  460* 
and  25  and  50  atm.  over  Ni  — Al^Os  and  Ft  —  Al^Os  showed  that  these  hydrocarbons  underwent  extremely  varied 
conversions.  Together  with  their  dealkylation,  disproportionation  of  substituents  was  observed  and  also  hydro¬ 
genation  to  the  corresponding  six-membered  cyclanes  with  subsequent  partial  isomerization  to  five-membered 
cyclanes  and  hydrogenolysis  of  the  latter. 

Recently  work  [6-8]  has  appeared  on  the  catalytic  dealkylation  and  conjugated  alkylation  of  polyalkyl- 
benzene  fractions  in  the  presence  of  benzene  or  toluene  on  synthetic  AI^Os  ■  SiO^  at  480*  and  10-15  atm. 

In  the  last  ten  years  several  patents  have  been  taken  out  on  the  catalytic  dealkylation  of  benzene  homologs 
over  MgO-AljOs  [9],  FeFs-AljjOs'SiO^  [10],  Nl-Alj03‘SiO^  [11]  at  temperatures  up  to  550*  and  pressures  up  to 
260  atm. 

In  a  voluminous  work  [12]  devoted  to  the  thermal  and  catalytic  dealkylation  of  both  individual  aromatic 
hydrocarbons  (toluene,  xylenes  and  methylnaphthalenes)  and  their  concentrates  obtained  by  aromatization  of 
oil  fractions  it  was  shown  that  in  the  presence  of  CrjOj-AIjOs,  MoOs-Al^Os  and  other  catalysts  at  560-700*  and 
15-25  atm.  together  with  demethylation  there  was  considerable  hydrocracking  to  methane  and  noticeable  coke 
formation.  In  one  of  the  works  cited,  including  the  patents,  was  a  study  made  of  the  stability  of  the  catalysts 
since  in  a  series  of  cases  the  duration  of  the  experiments  did  not  usually  exceed  3  hours  [12]. 

The  aim  of  the  present  work  was  to  study  the  conditions  of  selective  conversion  of  toluene  into  benzene 
on  an  active  and  quite  stable  catalyst  with  little  hydrogenation  of  the  benzene  nucleus,  disproportionation  of 
methyl  groups,  hydrocracking  and  thermal  decomposition  with  "coke*  formation. 

As  is  known,  under  a  normal  pressure  of  hydrogen  and  at  temperatures  of  the  order  of  450*  and  above  there 
occurs  extensive  cleavage  of  toluene  and  coking  up  of  oxide-metal  (platinum,  nickel  etc.)  catalysts.  At  the 
same  time  raising  the  hydrogen  pressure  promotes  hydrogenation  of  the  benzene  ring,  which  is  undesirable  in  this 
case.  Due  to  this,  in  the  first  instance  it  seemed  necessary  to  investigate  the  effect  of  hydrogen  pressure  on  the 
demethylation  of  toluene. 

We  investigated  the  demethylation  of  toluene  on  samples  of  finely  dispersed  nickel,  deposited  on  activated 
aluminum  oxide,  at  460*,  a  volume  rate  of  0.6  hour~^,  a  molar  ratio  of  hydrogen  to  toluene  of  5 : 1  and  pressures 
of  from  5  to  25  atm. 
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EXPERIMENTA  L 


Fig.  1.  Plan  of  apparatus  for  demethylation  of 
toluene.  1)  Reactor,  2)  measuring  tank.  3)  pump, 
4)  rheometer,  5)  cooling  condenser,  6)  separator  — 
receiver,  7)  adsorber,  8)  gasmeter. 


Time  (hours) 


Fig.  2.  Change  in  benzene  content  of 
catalyzates  in  relation  to  operating  time 
of  10^  Ni  —  AI2OJ  catalyst.  1)  460*,.  v  0.5 
hr.“^  SHjrHC,  25  atm.;  2)460*,  v  0.6  hr.-\ 
5Hj  :  HC.  10  atm.;  3)  460*,  v  0.6  hr"^ 

51^  :  HC,  5  atm. 


Starting  Materials.  The  toluene  was  chemically 
pure  grade  and  had  b.p.  110-110.5*  (746  mm),  r?®D 
1.4970,  cl**®  0.8668. 

Electrolytic  hydrogen,  GOST -3022 -45,  contained 
99.7%  Hj. 

Preparation  of  Catalyst  With  the  Composition 
10%  Ni  -  A  1^03.  Fired  aluminum  oxide  was  impreg¬ 
nated  with  a  molar  solution  of  nickel  nitrate,  dried 
and  formed  into  small  cylinders  4X4  mm  in  size. 

The  catalyst  was  then  reduced  in  a  stream  of  hydrogen 

[13] ,  The  activity  of  the  catalyst  was  tested  by  the 
degree  of  hydrogenation  of  benzene  at  170-180*.  The 
specific  surface  of  the  catalyst  was  determined  by  a 
dynamic  method  by  benzene  adsorption  and  the 
mechanical  strength  by  the  VNII  NP  (All-Union  Scl. 
Res.  Inst,  for  Petroleum  Processing  method.* 

Analysis  of  Catalysis  Products.  The  refractive 
index  and  the  specific  gravity  of  the  liquid  products 
were  determined  and  then  the  catalyzates  were 
fractionally  distilled  on  a  column  with  an  efficiency 
of  42  theoretical  plates.  The  six-membered  cyclane 
content  of  appropriate  fractions  was  established  by 
their  dehydrogenation  by  Zelinskii’s  method  over  10% 
Ni  —  AI2O3  at  310*  and  atmospheric  pressure.  Separate 
fractions  cf  the  catalyzate  were  analyzed  by  their 
Raman  spectra.  •  • 

The  gaseous  catalysis  products  were  analyzed 
on  an  Orsat  —  Lunge  apparatus  and  by  chromatography 

[14] . 

Apparatus.  The  experiments  were  carried  out  in 
the  flow  apparatus  illustrated  in  Fig.  1  and  consisted 
of  a  block  reactor  (1)  made  from  an  EYalT  stainless 
steel  tube  25  mm  in  diameter  and  800  mm  high  set 
in  an  aluminum  block  fitted  with  an  electrical  heater. 
The  temperature  of  the  reactor  was  regulated  auto¬ 
matically  with  an  EPV-Ol  electronic  potentiometer. 
The  temperature  in  the  reactor  was  measured  with  a 
chromel-copel  thermocouple.  The  apparatus  was 
fitted  with  a  pump  (3)  to  feed  in  toluene  and  a  con¬ 
densing  system  consisting  of  a  cooling  condenser  (5> 
and  a  separator -receiver  (6).  The  hydrogen  was  intro¬ 
duced  into  the  reactor  from  a  tank  through  a  rheometer 
(4). 


Experimental  Procedure,  The  reactor  was  loaded  with  100  ml  of  precatalyst  (aluminum  oxide  cylinders 
4x4  mm  in  size),  which  was  to  evaporate  the  toluene  and  heat  the  toluene  vapors  and  also  the  hydrogen.  Thus, 
the  vapor  —  gas  mixture  entered  the  catalyst  at  the  required  temperature.  The  catalysis  products  passed  through 
the  condenser  (5)  into  the  separator -receiver  (6).  The  catalyzate  was  trapped  in  the  separator  while  the  gaseous 


•Method  and  apparatus  for  determining  the  mechanical  strength  of  catalyst  9882TU  of  the  Ministry  of  the 
Petroleum  Industry  USSR. 

•  ‘The  optical  analysis  was  carried  out  by  Yu.  P.  Egorov  and  the  authors  are  very  grateful  to  him. 
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TABLE  1 


Yield  and  Composition  of  Catalysis  Products  (460*;  v  =  0.6  hour‘1  and  5H|  :HC) 


Expt. 

No. 

Pressure 
(In  atm.) 

Degree  of 
conver¬ 
sion  of 
toluene 
(in  %) 

Cataly¬ 
zate 
yield 
(in  %) 

Comp,  catalyzate 
(in  weight  %) 

Benzene  yield 
( in  mole  %) 

Ch4  yield 
on  toluene 
demeth, 

(in  mole  %) 

benzene 

cyclanes 

on  tolu¬ 
ene 
passed 

on  tolu¬ 
ene  con¬ 
verted 

1 

25 

46.0 

88.5 

29.4 

10.7 

30.5 

66.5 

183.0 

3 

25 

39.4 

89.6 

21.4 

9.0 

22.6 

57.2 

128.0 

4 

25 

38.8 

88.7 

23.0 

7.6 

24.0 

62.2 

193.0 

5 

25 

36.0 

86.6 

18.1 

7.5 

18.5 

51.2 

178.0 

8 

10 

63.0 

76.4 

51.5 

— 

46.0 

73.0 

221.0 

10 

10 

60.0 

72.0 

43.6 

— 

37.0 

61.5 

265.0 

12 

10 

52.0 

77.5 

38.0 

— 

34.6 

66.0 

275.0 

14 

5 

59.3 

81.0 

*  49.5 

— 

47.2 

80.0 

81.2 

16 

5 

45.6 

87.0 

37.8 

— 

38.8 

85.0 

93.0 

17 

5 

43.0 

84.3 

32.7 

— 

32.4 

75.5 

73.5 

TABLE  2 

Fractional  Composition  of  Catalyzates  and  Composition  of  Gaseous  Catalysis  Products 


Expt. 

Pressure 

Catalyzate  properties 

Bolling  point 
of  fractions 

iHi 

Comp,  gases 
(in  volume  %) 

No. 

(in  atm.) 

d,* 

at  744  mm 

hydrogen 

methane 

79—79.5° 

29.0 

79.5—109 

3.6 

1 

4 

25 

1.4915 

0.8602 

109-109.5 

62.2 

\  90.0 

10,0 

Residue 

2.8 

Losses 

2.4 

1 

79.5—80 

43.5 

12 

10 

1.4985 

0.8733 

109—110 

Residue 

53.5 

1.5 

80.0 

20.0 

1 

Losses 

1.5 

79—80 

32.7 

1 

17 

5 

1.4976 

0.8730 

109-110 

Residue 

63.6 

2.2 

95.0 

5.0 

Losses 

1.5 

products  passed  through  the  adsorber  (7)  filled  with  activated  charcoal  into  a  gasmeter  (8)  and  then  into  the 
atmosphere. 

The  toluene  was  first  passed  over  the  catalyst  for  1  >2  hours  (  preexperiment  period);  during  this  time  the 
toluene  input  rate,  temperature  and  pressure  were  established.  When  the  catalyzate  that  accumulated  in  the 
receiver  during  the  preexperiment  period  had  been  removed,  experiments  were  carried  out  for  long-term  testing 
of  the  activity  and  stability  of  the  catalysts.  Three  series  of  experiments  were  carried  out  on  the  catalytic  de- 
methylation  of  toluene  at  460*,  a  volume  rate  of  0.6  hour'^,  a  molar  ratio  of  hydrogen  to  toluene  of  SH*  :HC 
and  various  hydrogen  pressures,  namely  25,  10  and  5  atm.  A  freshly  prepared  sample  of  10%  Ni  —  Al^Os  was  used 
for  each  series  of  experiments,  which  included  from  4  to  8  experiments  of  5  hours  duration.  For  each  series  of 
experiments,  a  material  balance  was  drawn  up  of  the  starting  materials  and  the  final  catalysis  products.  The 
losses  during  the  experiments  usually  did  not  exceed  2-3%. 

The  results  of  the  experiments  are  given  in  T.ible  1  and  illustrated  in  Fig.  2.  The  characteristics  of  the 
catalyzates  and  also  the  results  of  their  fractional  distillation  and  the  composition  of  the  gaseous  catalysis  prod¬ 
ucts  for  the  most  characteristic  experiments  of  all  three  scries  are  given  in  Table  2. 
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Ai  follows  from  the  data  in  Table  1,  the  degree  of  convenlon  of  toluene  in  experiments  at  25  atm. 
(experiments  1,  3,  4  and  5)  was  on  an  average  40%,  at  10  atm.  (experiments  8,  10  and  12),  59%  and  at  5  atm. 
(experiments  14, 16  and  17),  49%.  The  catalyzate  yields  in  experiments  at  25  atm.  were  hipest  (experiment  3) 
(89.6%),  while  in  experiments  at  10  atm.  the  yields  were  not  greater  than  77%  (experiment  12).  The  yield  of 
benzene  on  the  toluene  converted  was  highest  in  the  last  series  of  experiments  and  reached  85%  (experiment  16). 

In  individual  cases,  the  hydroaromatic  hydrocarbon  content  of  the  catalyzates  obtained  in  experiments  at 
25  atm.  exceeded  10%  (experiment  1).  As  analysis  data  showed,  these  hydrocarbons  consisted  of  90%  cyclohexane 
and  10%  methylcyclohexane.  The  catalyzates  obtained  in  experiments  at  5  and  10  atm.  contained  only  traces 
of  hydroaromatic  hydrocat  bons.  The  disproportionation  of  methyl  groups  did  not  occur  among  the  conversions  of 
toluene  as  the  presence  of  xylenes  was  not  detected  in  the  catalyzates. 

Analysis  of  the  gaseous  catalysis  products  showed  that  besides  hydrogen  there  was  only  methane,  whose 
content  varied  considerably,  depending  on  the  experimental  conditions.  While  in  experiments  at  10  atm.  the 
methane  content  of  the  gases  reached  20%  (experiment  12,  Table  2),  in  experiments  at  other  pressures  the  gaseous 
products  contained  not  more  than  5-10%  methane.  This  considerable  methane  content  of  the  gases  produced  in 
experiments  at  10  atm.  pressure  indicated  considerable  hydrocracking  of  toluene  and  its  conversion  products  to 
methane.  Thus,  in  experiment  12  (Table  1)  the  yield  of  methane  reached  275  mole  %  on  the  toluene  demethyl- 
ated.  At  the  same  time,  in  experiments  14, 16  and  17  at  5  atm.,  hydrogenolysis  of  hydrocarbons  to  methane  was 
not  observed. 

The  general  scheme  for  toluene  conversions  may  be  represented  in  the  following  form: 


The  "life*  of  the  catalyst  for  experiments  at  25  atm.  was  35  hours,  at  10  atm.,  60  hours  and  at  5  atm., 

50  hours  (Fig.  2).  The  activity  of  the  catalyst  fell  gradually  as  is  shown  by  the  slopes  of  the  curves  in  Fig.  2. 

The  lower  limit  for  the  benzene  content  of  the  catalyzate  was  arbitrarily  taken  as  10-12%:  when  such  a  benzene 
content  was  reached,  the  catalyst  was  considered  deactivated.  At  the  end  of  each  series  of  experiments  the  coke 
content  of  the  spent  catalyst  was  determined  and,  for  example,  in  experiment  series  2  and  3  this  equalled  5.12 
and  4.66%,  respectively.  In  these  experiments,  the  amount  of  toluene  broken  down  to  carbon  was  not  more  than 
0.2%  of  the  total  amount  of  toluene  passed  over  the  catalyst. 

As  the  results  of  determining  the  specific  surface  of  fresh  catalyst  and  catalyst  spent  in  the  third  series 
of  experiments  showed,  the  specific  surfaces  were  211.5  and  161.4  mVg,  respectively,  i.e.,a  fall  of  approximately 
24%.  Samples  of  the  same  catalyst  (i.e.,  hesh  and  spent)  were  tested  for  mechanical  strength,  which  was  found 
to  be  8100  g  for  fresh  and  6192  g  for  spent  catalyst. 

Comparison  of  the  results  of  all  three  series  of  experiments  shows  that  the  optimal  conditions  for  selective 
hydrogenolysis  of  the  methyl  group  of  toluene  with  the  formation  of  benzene  on  10%  Ni  —  AI2O3  lay  in  the  low- 
pressure  region  (up  to  5  atm.).  A  further  decrease  in  the  pressure  in  the  system  led  to  a  fall  in  the  hydrogen  con¬ 
centration  and  consequently  the  hydrogen  did  not  restore  the  activity  of  the  catalyst.  At  5  atm.,  460*,  0.6 

hour-1  and  :HC,  with  the  practically  complete  absence  of  hydrogenation  of  the  benzene  ring,  disproportiona¬ 
tion  of  substituents  and  hydrocracking,  high  yields  (up  to  85%)  of  benzene  on  the  toluene  converted  were  attained 
and  also  a  degree  of  conversion  which  reached  50%.  The  catalyzate  contained  practically  only  benzene  and 
toluene.  The  absence  of  other  hydrocarbons  from  the  catalyzate  could  considerably  facilitate  the  separation  of 
benzene  and  toluene  by  continuous  distillation. 

Under  these  conditions,  the  operating  period  of  the  catalyst  without  regeneration  reached  50  hours,  while 
iu  activity  fell  smoothly. 
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SUMMARY 


1.  It  was  shown  that  in  a  flow  apparatus  at  5  atm.  pressure,  460*,  a  volume  rate  of  0.6  hour*^  and 

6Hj  ;  HC  over  a  10%  Ni  —  Al^Os  catalyst,  the  demethylation  of  toluene  to  benzene  proceeded  without  the  forma¬ 
tion  of  hydroaromatic  hydrocarbons,  disproportionation  of  methyl  groups  or  hydrocracking  of  the  benzene  nucleus 
to  methane.  The  yield  of  catalyzate,  containing  up  to  an  average  of  30%  of  benzene,  was  about  85%  on  the 
toluene  passed. 

2.  At  25  atm.,  460*,  v  0.6  hour‘1  and  5H2  :  HC,  in  addition  to  demethylation  of  toluene  there  was  con¬ 
siderable  formation  of  hydroaromatic  hydrocarbons  (cyclohexane  and  methylcyclohexane)  and  also  hydrocrack¬ 
ing  of  toluene.  At  10  atm.  pressure  with  the  other  reaction  conditions  the  same,  the  formation  of  hydroaromatic 
hydrocarbons  was  suppressed,  but  the  hydrocracking  of  toluene  to  methane  and  demethylation  of  toluene  pro¬ 
ceeded  more  rapidly. 
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SYNTHESIS  OF  HYDROCARBONS 


LXIX.  NEW  GENERAL  METHOD  OF  SYNTHESIZING  DINEOALKYLS  (CioHj,  -  CuH,,)  - 
DINEOPENTYL  AND  ITS  HOMOLOGS 

R.  Ya.  Levina,  P.  A,  Kaikaris,  I.Baukh  and  E.  G.  Treshchova 
Moscow  State  University 


In  our  previous  communications  [1,  2]  we  described  the  synthesis  of  ethylene  hydrocarbons  with  a  quater¬ 
nary  carbon  atom  (11)  by  the  Grignard  —  Wurtz  reaction  by  the  interaction  of  tertiary -alkylmagnesium  chlorides 
with  the  primary  hydrotoomide  of  isoprene  (I). 


CH3 


R'_C— MgCl  4-  llrCH2CH=C— CH3 


CH3 

I 

R'— G-CH2-CH=C— CH3 


GH3 


(I) 


CH3 


CH3  CH3 

(II) 


In  the  present  work,  one  of  these  ethylene  hydrocarbons,  2,2,5-trimethylhexene-4  [(II),  R’  =  CHj],  obtained 
by  the  action  of  primary  hydrobromide  of  isoprene  on  tert  -butylmagnesium  chloride  (14%  yields),*  was  used  for 
the  synthesis  of  difficultly  accessible  paraffinic  hydrocarbons  with  two  quaternary  carbon  atoms  separated  by  two 
CH|  groups,  i.e., dineopentyl  and  its  homologs  (dineoalkyls). 

2,2,5-Trimethylhexene-4  (whose  structure  was  confirmed  by  ozonization  and  plotting  the  Raman  spectrum) 
was  treated  with  hydrogen  chloride  and  converted  into  the  tertiary  chloride  (III)  (already  containing  one  quater¬ 
nary  carbon  atom,  95%  yield),  which  was  then  reacted  with  alkylmagnesium  bromides  in  the  presence  of  mer¬ 
curic  chloride;  this  second  Grignard  —  Wurtz  reaction  led  to  the  formation  of  dineoalkyls  (IV). 


CH3  CH3 

I  -1-HCI  I 

CH3— c— CH2-CH=-G-CH3  --4.  GH3-G— GH,-GH2 

I  I  '  ■  I  " 

GH3  GII3  GII3 

(II)  (III) 

GII3  GH3 

I  I 

GH3-G-Gn2-GH2— G-R 

I  I 

GH;i  GH3 

(IV) 

u  =  CHa,  c,iu.  c,ii,and  I-Wt 

•In  the  Grignard  —  Wurtz  reaction  between  isoprene  hydrobromide  and  tertiary -butylmagnesium  chloride  there 
are  side  reactions:  on  the  one  hand,  the  primary  hydrobromide  of  isoprene  loses  hydrogen  bromide  to  form  iso¬ 
prene  and  its  dimer  and  on  the  other,  it  exchanges  its  bromine  atom  for  an  MgCl  group  to  form  a  new  organo- 
magnesium  compound  of  the  allyl  type;  interaction  of  the  latter  with  isoprene  hydrobromide,  reacting  in  its  two  iso¬ 
meric  forms,  leads  to  the  formation(  in  a  total  yield  of  1 6.5%)  of  isomeric  CigHig  diene  hydrocarbons  with  isolated  double 
bonds,namely2,7-dimethyloctadiene-2,6  (6.5%)  and  2,5,5-trimethylheptadiene-2,6  (10%). 
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CM3 

I 

-G~G1 

I 

GHo 


+RMgBr 


(HgCl.) 


Raman  Spectra  of  Cjo  -  Cu  Dlneoalkyli* 


2,2,5,6-Tetra- 

methylhexane 


2,2,6,5-Tetra- 

methylheptane 


2,2,5,5-Tetra- 

methyloctane 


2,2,6,5,6-Penta* 

methylheptane 


234  (4,  w),  295  (3,  w) 


232 (3.5,  w  I,  293  (2,w) 


229(5),  295(4) 
329(1.5) 

356  (0) 

406  (2.5) 

444  (0.5) 

502  (4.5) 

.586  (0.5) 

650(1),  699  (0.5,  w) 
764  (6,  w' 

861  (0.8),  875  (0.5) 
912(8),  930(5) 

1010(1.5) 

1064  (1.5),  1093(1) 
1144(4),  1170(0.5) 
1194(4  ,  1219  (4.W  ) 
12.53  (8) 

1327  (4) 

1354(1),  1382(1) 
1443(10, b),  1462(6 /b) 


224  (2.5,  w),  269  (0.5) 
307  (1.5),  333  (1.5,  d  ) 
370  (0.5) 

406(2.5),  416(0) 

4.55  (0..5) 

504  (6) 

547(1) 

697  (0.5) 

718  (4),  746  (10,  w 
816(0),  833(0) 
862(2),  884(2) 
912(10),  930(10) 
956(1),  996(0.5) 
1012(6),  1046(1) 

1065 (4) 

1133  (.5) 

1196— 1204  (10,  w.b' 
1246 (8) 

1309  (0.5) 

1323  (1..5) 

1347(1. .5),  1354(1), 
1384 (2) 

1443(20),  1467(12) 


333  (3) 

358  (0.5) 

413(2) 

4,39  (0.5),  460  (0.5) 

497  (3,  W ) 

547(1.5),  603(0) 
691(0) 

746  (2.5^),  764  (2/b 
788(2.5),  820(0) 
862(0.5),  882(2.5) 
912(3),  930  (3.. 5) 
905(0.5),  995(0.5) 
1015(0.5),  1040(3) 
1081(1),  1090(1.5,  W) 
1140  (3,  w)  1170(0.5) 
1198(7,  w/b  ,  1222(0.5) 
12.50(4) 

1295(0.5) 

1.323(3,  W) 

1.354(1.5),  1383(1.5) 

1440(10),  1461  (2.5) 


340  (2) 

387  (1.5) 

420(l) 

457  (0.5),  473  (0.5) 

498  (3.5) 

.546(1.5),  586(0) 
693(3.5),  700(0.  .5) 
7,53  (4,w),  769(1  w  ) 
832  (0..5; 

859(1),  875(1) 
912(8),  932(4) 

958  (2,  d  ).  995(1) 
1015(0.5),  1046(1) 
1080(2),  1100(1.5) 

1 196(3, w  .  1219(3.5, w  ) 
12.50(7),  1267  (0..5) 
1296  (0.5) 

1323  (2.5,  d  ) 

1.3,58(1),  1.390(0.5) 

144.3(10),  1464  (4) 


w  =  wide,  b  =  background,  d  =  double. 


When  the  tertiary  chloride  (III)  was  reacted  with  alkylmagnesium  bromides,  there  were  also  side  reactions: 
hydrogen  chloride  was  eliminated  from  the  tertiary  chloride  (with  the  formation  of  ~50%  of  the  original  2,2,5- 
trimethylhexene-4),  which  was  also  reduced  to  2,2.5-trimethylhexane. 


CHg  CH3  ^cVr 

I  I 

CH3-G-CII2-CH2-C-CI 


(11) 


CH. 


CH. 


(Ill) 


(KMgBr) 

CH3 


CH, 


CII. 


Cll3-(:-CH2— CH2-G— MgBr 

I  I 

CH3  CH3 


11,0 


CH3 

I 

CHj—C— CH2-CII2— O— 11 


CH, 


CH;, 


The  mixture  of  dlneoalkyl  and  the  lower-boiling  trimethylhexene  and  trimethylhexane  formed  in  each 
case  was  separated  by  distillation  on  a  column  (after  hydrochlorination,  the  trimethylhexene  was  again  used  for 
the  synthesis  of  dineoalkyls).  The  dineoalkyls  obtained  were  distilled  on  a  column  of  35  theoretical  plates  and 
purified  by  chromatography  on  silica  gel;  their  yields  were  10-16%  calculated  on  the  tertiary  chloride  (III) taken 
or  20-32%  on  that  which  underwent  the  Grignard  —  Wurtz  reaction.  A  study  of  the  Raman  spectra  of  the  hydro¬ 
carbons  obtained  confirmed  that  they  contained  quaternary  carbon  atoms  since  the  spectra  contained  intense 
lines  in  the  region  of  912-932  and  1200-1250  cm"^. 

Thus,  dineopentyl  and  its  homologs  may  be  synthesized  from  isoprene  by  the  following  general  method: 
hydro bromination  of  isoprene,  replacement  of  the  labile  bromine  atom  of  the  hydrobromide  (by  the  Grignard  - 
Wurtz  reaction)  by  a  tertiary -butyl  group,  hydrochlorination  of  the  alkene  with  one  quaternary  carbon  atom  thus 
formed  and  subsequent  replacement  of  the  chlorine  atom  in  the  tertiary  chloride  formed  (by  a  second  Grignard  — 
Wurtz  reaction)  by  an  alkyl  group. 

Of  the  dineoalkyls  synthesized  in  the  present  work  by  the  "two-fold  Grignard  —  Wurtz  reaction",  the 
literature  describes  only  the  first  member  of  the  series,  namely  dineopentyl  (2,2,5,5-tetramethylhexane);  it  was 
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synthesized  by  other  and  more  or  less  complicated  methods,  namely,  by  the  action  of  sodium  on  neopentyl 
chloride  [3,  4],  by  the  electrolysis  of  sodium  tertiary-butylacetate  [4],  by  exhaustive  hydrogenation  of  2, 2,5,6- 
tetramethylhexyne-3  (obtained  by  a  five -stage  synthesis  from  pinacone  [5])  etc.  [6,  7], 

EXPERIMENTA  L 

.2,2,5-Trimethylhexene-4  was  synthesized  in  yield  by  the  reaction  of  the  primary  hydrobromide  of 
isoprene  with  tertiary-butylmagnesium  chloride  by  the  method  described  previously  [1]  with  the  only  difference 
that  the  isoprene  hydrobromide  was  added  to  the  tertiary-butylmagnesium  chloride  with  snow  and  salt  cooling 
(from  -5  to  -8*  in  the  reaction  mixture). 

After  the  usual  processing,  boiling  with  sodium,  distillation  over  the  latter,and  two  distillations  on  a 
column*  (of  35  theoretical  plates),  the  hydrocarbon  had  the  following  constants: 

B.p.  126.5-127“  (740  mm),  n*®D  1,4219,  d4*®  0.7370,  MR^  43.49.  CgHuP.  Calculated  43.29. 

Literature  data  [8]:  b.p.  126.7“  (760  mm),  r^®D  1.4210,  d4*®  0.7335. 

The  Raman  spectrum  of  2,2,5-trimethylhexene-4  contained  the  frequency  1669  cm"l,  which  is  charac¬ 
teristic  of  a  double  bond  in  a  trisubstituted  ethylene  (the  intensities  of  the  spectral  lines  are  given  with  respect 
to  an  arbitrary  scale  in  which  the  intensity  of  the  line  at  1442  cm"^  is  taken  as  10  units): 

246  (2.5,  broad),  295  (0.5),  310  (4.5,  broad),  354  (0.5),  387  (2),  420  (1),  440  (2.5),  494  (4),  528  (2),  580  (0), 
603  (0),  635  (4),  693  (3),  718  (0),  740  (20),  753  (1.5),  788  (0),  845  (1),  862  (1.5),  904  (1),  909  (4.5),  930  (8),  956 
(0),  1008  (0,5),  1033  (0.5),  1046  (1),  1076  (1),  1102  (2,  diffuse),  1117  (2),  1144  (8,  broad),  1170  (0.5  background), 
1189-1196  (4,  double/background),  1219  (0.5),  1240  (5),  1272  (2),  1300  (5),  1352  (1),  1380  (6),  1415  (0.5),  1442 
(10),  1460  (2.5  background),  1669  (25). 

2,2,5-Trimethylhexene-4  (5  g)  was  ozonized  under  the  usual  conditions.  After  evaporation  of  the  solvent 
(chloroform)  in  vacuum  (without  heating),  the  ozonide  was  boiled  for  a  few  hours  with  water  and  lO^o  hydrogen 
peroxide.  The  reaction  mixture  was  neutralized  with  sodium  carbonate  and  the  acetone  peroxide  (m.p.  131“; 
literature  data  [10]:  m.p.  131-133")  and  acetone  (identified  by  preparation  of  the  2,4-dinitrophenylhydrazone 
with  m.p.  125“;  mixed  melting  point  not  depressed)  steam  distilled  from  it.  The  solution  of  acid  salts  remaining 
in  the  distillation  flask  yielded  tertiary -butylacetic  acid,  which  was  identified  as  the  amide  with  m.p.  130-131“ 
(literature  data  [11]:  m.p.  132*). 

Hydrochlorination  of  2,2,5-  trimethylhexene  -4  was  carried  out  by  saturating  the  substance  with  hydrogen 
chloride  with  cooling  (ice  and  salt)  and  then  shaking  the  material  for  2-3  days  at  room  temperature  with  a  three¬ 
fold  volume  of  concentrated  hydrochloric  acid,  first  saturated  with  hydrogen  chloride  at  -10“.  The  tertiary 
chloride  formed,  5-chloro-2,2,5-trimethylhexane  (not  described  in  the  literature),  was  separated  from  the  hydro¬ 
chloric  acid  solution,  washed  with  water,  dried  with  calcium  chloride  and  distilled  (yield  85*70). 

B.p.  88-90"  (60  mm),  r^®D  1.4335,  d4*®  0.8687,  MRj-,  48.71.  C9H19CI.  Calculated  48.63. 

Found  7o:  C  66.63,  66.82;  H  11.98,  12.05;  Cl  21.49,  21.01.  C9H19CI.  Calculated  %.  C  66.44;  H  11.74; 

Cl  21.82. 

On  distillation  and  storage,  the  chloride  readily  lost  hydrogen  chloride. 

We  also  collected  a  low-boiling  fraction  (13*70)  with  b.p.  125-127“  (750  mm)  and  n?®D  1.4220,  which  was 
the  original  2,2,5-trimethylhexene-4. 

Synthesis  of  2,2,5,5-Tetramethylalkanes  (dineoalkyls).  To  an  ether  solution  of  alkylmagnesium  bromide 
(1.65  mole  of  alkyl  bromide,  36  g  of  magnesium  and  450  ml  of  absolute  ether)  was  added  4  g  of  mercuric 
chloride;  the  reaction  mixture  was  heated  until  the  mercuric  chloride  dissolved  completely  and  then  cooled  to 


♦In  the  first  distillation  of  the  reaction  products  on  a  column,  the  low-  and  high -boiling  fractions  were  also 
collected;  the  latter  were  the  side  products  2,5,5-ttimethylheptadiene-2,6  (107o  yield)  with  b.p.  148.5-149.5“ 

(751  mm),  n*®D  1.4400,  d4*®  0.7653  and  2,7-dimethyloctadiene-2,  6(6.5*7o  yield)  with  b.p.  165.7-166.5")  748  mm), 
r^®D  1.4472,  d4*®  0.7750.  Literature  data  [9]:  b.p.  149.7“  (760  mm),  n*®D  1.4371,  d4*®  0.7657  and  b.p.  168.6“ 

(760  mm),  n*®D  1.4478,  d4*®  0.7755.  The  low-boiling  fraction  yielded  hexamethylethane  (di -tertiary -butyl)  with 
b.p.  106-107“  (726  mm)  and  m.p.  102". 
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of  preparation  99.4  mole  (solid,  pt.  -87.4*). 

B.p.  161.8-162*  (756  mm),  n?®D  1.4174,  CI4*®  0.7426,  MR^  52.98;  calc.  52.99. 

Found  C  84.61,  84.69;  H  15.57,  15.42.  C11H24.  Calculated  C  84.52;  H  15.48. 

2,2,5,5-Tetramethyloctane  [(IV),  R  =  CjH7];  not  described  in  the  literature;  yield  19.1  g(15‘yo). 

B.p.  180*  (739  mm),  n*®D  1.4213,  d/®  0.7493,  MRp  57.66;  calc.  57.62. 

Found  C  84.60,  84.66;  H  15.35,  15.26.  C^Hge.  Calculated C  84.61;  H  15.39. 

2,2,5,5,6-Pentamethylheptane  [(IV),  R  =  iso-C3H7];  not  described  in  the  literature;  yield  12.7  g  (107o). 

B.p.  179.5-180*  (749  mm),  n*®D  1.4255,  d4*®  0.7583,  MRp  57.46;  calc.  57.62. 

Found  C  84.70,  84.80;  H  15.38,  15.24.  C^Hge.  Calculated  C  84.61;  H  15.39. 

The  Raman  spectra  of  the  dineoalkyls  synthesized  (C^o  —  Cig)  were  plotted  on  a  glass  three -prism  spectro¬ 
graph  (ISP-51)  with  a  slit  width  of  6  cm"^.  The  frequencies  were  determined  by  linear  interpolation  from  the 
lines  of  a  standard  iron  spectrum;  the  accuracy  of  the  determination  ±1-2  cm"^.  The  intensities  of  the  lines 
were  evaluated  visually  according  to  an  arbitrary  scale  (on  which  10  or  20  units  were  taken  as  the  intensity  of 
the  line  in  the  region  of  ~1450  cm'i).  All  the  dineoalkyls  examined  (see  table)  were  characterized  by  intense 
lines  in  the  region  of  718-764  cm"^,  i.e., fully  symmetrical  vibration  frequencies  of  a  carbon  chain;  the  presence 
of  intense  lines  in  the  regions  of  912-932  and  1200-1250  cm"i  indicated  the  complex  branching  of  the  chain 
(with  a  quaternary  carbon  atom). 

The  spectrum  of  dineopentyl  was  measured  photometrically;  the  intensities  were  obtained  according  to  an 
objective  CGS  scale,  where  the  integral  intensity  of  the  802 -CGS  line  was  taken  as  equal  to  500  units/ mole  and 
cm"^. 

229  (  98),  295  (  98),  329  (40),  356  (  0),  406  (  64),  444  (15),  502  (125),  586  (10),  650  (30),  699  (15,  broad), 

764  (310,  broad),  861  (25),  875  (15),  912-930  (440,  double),  1016  (48),  1064  (  85),  1093  (  60),  1144  (395),  1170 
(30),  1194-1219  (560,  double),  1253  (386),  1327  (276),  1354-1382  (238,  diffuse),  1443-1462  (615,  double). 

SUMMARY 

1.  A  new  general  method  was  developed  for  synthesizing  paraffinic  hydrocarbons  with  two  quaternary 
carbon  atoms  separated  by  two  CHg  groups  (dineoalkyls).  The  method  consisted  of  the  following  successive 

•The  purity  of  the  crystallizable  hydrocarbons  was  determined  by  the  procedure  described  in  paper  [12], 
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reactions:  hydrobromination  of  isoprene,  a  Grignard  ~  Wurtz  reaction  between  the  primary  hydrobromide  of 
isoprene  and  tertiary  butylmagnesium  chloride,  hydrochlorination  of  the  2,2,5-trimethylhexene“4  formed  and 
a  second  Grignard  ~  Wurtz  reaction  (in  the  presence  of  mercuric  chloride)  between  the  saturated  tertiary  chloride 
obtained  (5 -chloro -2,2,5 -trimethylhexane)  and  alkylmagnesium  bromides. 

2.  By  this  method  of  a  "two-fold  Grignard  —  Wurtz  reactions,"  we  synthesized  the  difficultly  accessible 
2,2,5,5-tetramethylhexane  (dineopentyl)  and  its  CUH24  and  homologs  that  have  not  been  described  in  the 

literature,  namely  2,2,5,5-tetramethylheptane,  2,2,5,5-tetramethyloctane  and  2,2,5, 5,6-pentamethylheptane. 
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CONDENSATION  OF  HA  LON  A  P  HT  H  A  L IC  ANHYDRIDES  WITH  RESORCINOL 

A.  P,  Karlihin  and  D.  M.  Kustol 
Poltava  State  Pedagogical  Institute 

Naphthainuorescein  (I)  was  obtained  by  Tetrisse  [1]  by  condensing  naphthalic  anhydride  with  resorcinol 
in  the  presence  of  anhydrous  zinc  chloride.  He  also  prepared  naphthal-2,4,5,7-tetrabroniofluorescein  (VIII),  but 
did  not  give  the  melting  point.  Dziewonskii  and  Zakrzewska-Baranowska  [2]  studied  the  condensation  of  4- 
chloronaphthalic  anhydride  with  resorcinol.  However  they  did  not  give  the  yield  or  the  melting  point  of  the 
5'>chloronaphthalfluorescein  (11)  thus  obtained.  There  are  no  literature  data  on  the  condensation  of  4-bromo- 
naphthalic  anhydride  with  resorcinol  or  on  bromo  and  iodo  derivatives  of  S'-chloro-  and  S'-bromonaphthal- 
fluoresceins. 

We  established  that  the  best  yield  of  the  halonaphthalfluoresceins  listed  above  was  obtained  if  the  con¬ 
densation  reaction  was  carried  out  at  180-185*  in  the  presence  of  anhydrous  zinc  chloride  for  30-40  minutes. 
Under  these  conditions,  35-407o  of  the  halonaphthalic  anhydrides  reacted  and  the  yield  of  halonaphthalfluores¬ 
ceins  was  70-74%  on  the  anhydride  reacted.  On  raising  the  temperature  to  200-210*,  the  amount  of  anhydride 
reacting  increased  but  the  yield  of  fluoresceins  decreased  since  many  tany  materials  were  formed.  Tar  forma¬ 
tion  was  also  promoted  by  a  large  excess  of  zinc  chloride. 

The  tetrabromo  and  tetraiodo  derivatives  (of  the  eosin  and  erythrosin  type)  were  readily  obtained  by 
Ixromination  and  iodination  of  the  halonaphthalfluoresceins  obtained.  The  absorption  maxima  of  the  sodium 
salts  of  these  dyes  were  shifted  into  the  long-wave  part  of  the  spectrum  in  comparison  with  eosin  and  erythrosim  * 

X  mp  (water) 


Eosin  516  [3] 

Naphthal-2,4,5,7-tetrabromofluorescein  540 

5*  -Chloronaphthal-2 ,4 ,5,7  -tetrabromofluorescein  543 

5'  -Bromonaphthal-2 ,4 ,5 ,7 -tetrabromofluorescein  544 

Erythrosin  524  [4] 

5'  -Bromonaphthal-2 ,4 ,5 ,7  -tetr?  iodoHuorescein  547 

Naphthal-2 ,4 ,5 ,7  -tetraiodofluorescein  548 

5*  -Chloronaphthal-2 ,4 ,5,7  -tetraiodofluorescein  553 

HO 


HO 


(I)  5'  =  H,  2,  4,  5,  7  =  H  (V)  5'  =  Cl,  2.  4,  5,  7  =  I 

(II)  5'  =  Cl,  2,  4,  5,  7  =  H  (VI)  5' =  Br,  2,  4,  5,  7  =  Br 

(III)  .V=Br,  2.  4,  5,  7=H  (VII)  5'=Br,  2,  4,  5,  7  =  1 

(IV)  5'  =  Cl,  2,  4,  5,  7  =  Br  (VIII)  5'  =  H,  2,  4,  5,  7  =  Br 

(IX)  5'=H,  2,  4,  5,  7=1 

The  corrected  melting  points  of  the  products  obtained  are  presented  in  the  experimental  section. 

*The  absorption  maxima  of  the  dyes  we  obtained  were  determined  in  the  Kharkhov  University  laboratory  by 
B.  M.  Krasovitskii,  to  whom  the  authors  are  grateful. 
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EXPERIMENT A  L 


5'-Chloronaphthalfluorescein  (II).  A  mixture  of  4.65  g  of  4-chloronaphthallc  anhydride  and  4.4  g  of 
resorcinol  was  heated  to  180*  in  a  porcelain  beaker.  4.8  g  of  anhydrous  zinc  chloride  added  and  heating  con¬ 
tinued  for  30  minutes  at  180-185*.  The  melt  obtained  was  boiled  with  50  ml  of  water,  acidified  with  hydro¬ 
chloric  acid,  collected  by  filtration,  washed  with  water  and  dried.  The  dried  product  was  boiled  for  30  minutes 
with  100  mi  of  methyl  alcohol.  The  cooled  mixture  was  filtered.  2.8  g  of  unreacted  anhydride  remained  on  the 
filter.  Alcohol  (75  ml)  was  distilled  from  the  filtrate  and  the  residue  left  for  the  product  to  crystallize.  The 
precipitated  crystals  were  collected,  washed  with  5-6  ml  of  alcohol  and  dried.  The  yield  of  (II)  was  2.3  g 
(69.5*70  00  the  anhydride  reacted).  The  substance  crystallized  from  methyl  alcohol  in  the  form  of  yellow  needles 
with  m.p.  293-294*.  It  was  readily  soluble  in  acetone,  alcohol  and  tetrachloroethane.  An  alkaline  solution  gave 
a  strong  green  fluorescence. 

Found  %:  Cl  8.37,  8.41.  C:24Hi305Cl.  Calculated  %:  Cl  8.52. 

5'-Bromonaphthalfluore8cein  (III)  was  prepared  similarly  to  (II).  From  5.54  g  of  4-bromophthallc  anhy¬ 
dride  we  obtained  2.33  g  of  (HI)  (74*^  calculated  on  the  anhydride  reacted).  The  product  crystallized  from 
methyl  alcohol  in  the  form  of  yellow  needles  with  m.p.  312-313*.  It  was  soluble  in  the  same  solvents  as  (II). 

Found  *7o:  Br  17.21,  17.27.  Cj^HijOgBr.  Calculated  *70:  Br  17.32. 

5'-Chloronaphthal-2,4,5,7-tetrabromofluorescein  (IV).  4.17  g  of  (H)  was  suspended  in  45  ml  of  methyl 


The  substance  crystallized  from  bromobenzene  as  pink  platelets.  The  m.p.  was  281-282*. 
Found  %:  Br  8.35,  8.50;  I  52.50,  52.95.  Cj54HP5Brl4.  Calculated  %  Br  8.29;  I  52.63. 
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The  sodium  Mlt  of  (VII)  crystallized  In  the  form  of  red  needles.  It  dyed  silk  to  a  pink  color. 

Naphthal-2,4,S,7‘-tetrabromofluoresceln  (VIII)  was  obtained  similarly  to  (IV);  the  yield  was  9&h,  The 
substance  crystallized  from  chlorobenzene  as  pink  platelets.  The  m.p.  was  323-324*. 

Found  ’’Joi  Br  4b.S5,  45.90.  C*4HioOBBr4.  Calculated  °Jo:  Br  45.85. 

The  sodium  salt  of  (Vni)  was  obtained  similarly  to  the  previous  ones.  It  dyed  silk  and  histological 
preparations.  The  yield  was  almost  quantitative. 

Napbthal-2,4,5,7-tetralodofluoresceln  (DC)  was  obtained  similarly  to  (V);  the  yield  was  90%.  The  pink 
platelets  had  m.p.  293-294*  (from  chlorobenzene). 

Found  %:  I  56.96,  57.21.  C:24Hio05l4.  Calculated  %;  I  57.34. 

The  sodium  salt  of  (DC)  was  obtained  similarly  to  the  previous  ones.  The  yield  was  almost  quantitative. 
The  product  dyed  silk  to  a  pink  color. 


SUMMARY 

A  study  was  made  of  the  conditions  for  condensing  monohalonaphthallc  anhydrides  with  resorcinol.  We 
obtained  the  previously  undescribed  5'-bromonaphthalfluorescein  and  5'-chloro-2,4,5,7-tetrabromo-,  5’-bromo- 
2,4,5,7-tetrabromo-,  2,4,5,7-tetraiodo-,  5’-chloro-2,4,5,7-tetralodo-  and  5*-bromo-2,4,5,7-tetralodonaphthal- 
fluoresceins  and  also  the  corresponding  sodium  salts.  The  absorption  maxima  of  the  sodium  salts  of  the  dyes 
obtained  were  shifted  towards  the  long-wave  part  of  the  spectrum  in  comparison  with  those  of  eosin  and  erythro- 
sin. 
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ORGANOBORON  COMPOUNDS 

XXXVI.  UNSYMMETRICAL  DIARY i  nORlC  ACIDS  AND  THEIR  DERIVATIVES 

B.  M.  Mikhailov  and  N.  S.  Fedotov 
Institii*e  of  Organic  Chemistry  Academy  of  Sciences  USSR 


Certain  of  the  known  diarylborir  acids  exist  in  the  form  of  complexes  with  water  (A).  Among  these 
are  the  symmcTiical  acids,  diphenyllwrenic  and  dl-p-chlorophenylborcnic  [1),  and  the  unsympictrical  ones, 
phenyl-o-tolylb‘»Tcnic  and  phenyl-p-chlorophenylborenic  acids  [?.].  Dl-p-bromophcnyllwric  and  di-«-naph- 
thylboric  acids  dn  not  contain  water  in  the  individual  slate,  but  in  aqueous  solutions  they  function  as  Lewis  acids, 
reacting  with  bases  to  form  the  same  type  of  salts  (B)  as  acids  existing  in  the  hydratr^d  form  (A)  in  the  individual 
state. 

/Ull 

\i>lK  |Ar..lJ(OII).,l-M.i‘ 

B 


Continuing  our  study  of  complex  formation  among  the  aromatic  compounds  of  boron,  we  undertook 
the  synthesis  of  certain  unsymmetricai  diarylboric  acids  and  their  esters  and  acid  chlorides  and  studied  their 
complex -forming  properties. 

The  isobutyl  esters  of  unsymmetricai  diarylboric  acids  (C)  were  synthesized  by  the  action  of  appropriate 
Grlgnard  reagents  on  the  isobutyl  ester  of  phenylboric  acid. 


f  ,.n..|{(OC,Hn-lso  i  ArMpHr  — >  ;  UOC,n.,  Iso- 

Ar' 

Ar  -  p  «  H  p  (Q 

The  isobutyl  esters  of  phenyl-p-tolylboric,  phenyl-p-bromophenylboric  and  phenyl-a-naphthylborlc  acids 
were  synthesized  in  this  v  iy.  Like  other  diarylboric  esters,  [3]  the  esters  obtained  formed  stable  complexes  (D) 
with  ammonia. 


CflHj  yOC^llji-lSO 
Ar^ 

D 


By  the  reaction  with  phosphorus  pentachloride  described  previously  l  -lj,  ihe  isobutyl  esters  of  phenyl -p- 
tolylboric  and  phenyl-a-naphthylborlc  acids  were  converted  into  the  corresponding  chlorides,  phenyl-p-tolyl- 
boron  and  phenyl-a-naphthylboron  chlorides. 


>11DC4M.,-1so 

Ar^ 


-f-  I 'CIr.  ^  ync\  -f  P( »« 4-  iso  Ch  IlflCI 

Ar  =p-?ll,C,Jl„ 
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The  reaction  between  phosphorus  pentachloride  and  esters  of  phenyl -p-bromophenylborlc  acid  proceeded 
anomalously  and  it  was  Impossible  to  obtain  phenyl -p-bromophenylboron  chloride  by  this  method. 

The  diarylboron  chlorides  were  capable  of  forming  solid  complexes  with  dioxane  in  the  ratio  of  1 : 1. 

We  prepared  the  dioxanates  of  phenyl-p-tolylboron  and  phenyl -a-naphthylboron  chlorides  and  also  of  diphenyl- 
boron  and  di- a-naphthylboron  chlorides,  which  we  synthesized  previously  [4]. 


Ar 

Ar' 


>BCI  +  0<  /O  — /Bk  yGHj-CHav 

^CHo-GHo^  Ar'/  >0 


Arv  /Cl 

12 — Vjn2 

Ar  =  CjUft,  a-CjoH7;  Ar' =  CnHj,  C1-C10H7,  p-CH3C0H4. 


'^GHa-GHa^^' 


Hydrolysis  of  phenyl- a-naphthylboron  and  phenyl -p -to lylboron  chlorides  with  an  equlmolecular  amount 
of  1  N  aqueous  sodium  hydroxide  solution  yielded  phenyl-a-naphthylboric  and  phenyl -p-tolylborlc  acids, 
respectively,  without  any  complex -bound  water  in  their  composition. 


GqIIsv  h.o  G8H5V 

>BG1  -f-  NaOH  >B0H  +  NaGl 

Ar/  Ar/ 

Ar  =  <)t-CtoH7f  p.-CHjCeH4. 

Phenyl -p -to lylboric  acid  was  extremely  unstable  and  decomposed  when  stored  for  a  short  period  into 
phenylboric  anhydride  and  toluene. 


G0H5V 

3  >B0H  (CellgBOla +  307118 

P-GM3G0H4/ 

Phenyl-a-naphthylboric  acid  was  more  stable,  but  we  were  unable  to  obtain  phenyl-a-naphthylboric 
anhydride  by  the  action  of  thionyl  chloride  in  benzene  solution  on  it,  while  the  corresponding  anhydrides  are 
quite  readily  obtained  from  certain  symmetrical  acids  by  this  method  [5]. 

EXPERIMENTAL 

All  operations  with  organoboron  compounds  were  carried  out  in  a  nitrogen  atmosphere. 

Isobutyl  Phenyl -a-naphthylborate  (I).  Over  a  period  of  1  hour,  a  solution  of  88.3  g  of  isobutyl  phenyl- 
borate  [b.p.  125-127’  (10  mm)]  in  100  ml  of  absolute  ether  was  added  with  stirring  at  -30-60*  to  a  solution  of 
0.4  mole  of  a-naphthylmagnesium  bromide  in  600  ml  of  absolute  ether.  The  reaction  mixture  was  stirred  for 
6  hours  at  -60-70*  and  on  the  following  day  it  was  treated  with  300  ml  of  lO^o  HCl.  The  ether  was  removed  from 
the  ether  layer  and  combined  ether  extracts  and  the  residue  fractionated  in  vacuum.  We  obtained  80.8  g(80^> 
of  (I)  in  the  form  of  a  thick,  colorless  oil  with  b.p.  207-208*  (8  mm),  d^*®  1.0990,  n*®D  1.5970. 

Found  C  83.41;  H  7.26;  B  3.70.  CjqHziOB.  Calculated  %  C  83.31;  H  7.34;  B  3.75. 

Ammoniate  of  Isobutyl  Phenyl- a -naphthylborate  (II).  When  dry  ammonia  was  passed  through  a  solution 
of  4.21  g  of  (1)  in  50  ml  of  isopentane,  a  colorless,  crystalline  precipitate  formed  and  this  was  collected  and 
dried.  We  obtained  4  g(90°fo)  of  (II)  with  m.p.  90-92*  (in  a  sealed  capillary). 

Found  °Jo:  B  3.59.  C2oH*40NB.  Calculated  %:  B  3.55. 

Isobutyl  Phenyl -p-tolylborate  (III).  Under  the  conditions  of  the  previous  experiment,  the  reaction  of  0.5 
mole  of  p-toluenemagnesium  bromide  and  93.5  g  of  isobutyl  phenylborate  yielded  41.6  g  (41*70)  of  (III)  with 
b.p.  126-128*  (1.5  mm),  d**®  0.9720,  n*®D  1.5552. 

Found  °lo:  C  81.30;  H  8.42;  B  4.09.  CnHuOB.  Calculated  *70;  C  81.08;  H  8.70;  B  4.27. 

Ammoniate  of  Isobutyl  Phenyl -p-tolylborate  (IV).  Passing  dry  ammonia  through  a  solution  of  3.87  g  of 
(III)  in  50  ml  of  isopentane  yielded  3.25  g  (787o)  of  (IV)  with  m.p.  87-89*  (in  a  sealed  capillary). 
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Found  *70:  B  4.60.  C17H24OB.  Calculated  %:  B  4.67. 

Aminoethyl  Ester  of  Phenyl-p-tolylboric  Acid  (V).  To  a  solution  of  1.76  g  of  (III)  in  20  ml  of  75'7>  alcohol 
was  added  0.84  g  two  fold  excess)  oT  monoethanolamlne.  The  colorless  crystalline  precipitate  was  collected 
and  dried.  We  obtained  1.45  g(87.37o)  of  (V)  with  m.p.  163-165*. 

Found  %:  B  4.57.  CisHigONB.  Calculated  "/o;  B  4.53. 

Isobutyl  Phenyl -p-bromophenylborate  (Vl>.  The  reaction  of  0.5  mole  of  p-bromophenylmagnesium  bromide 
and  103  g  of  isobutyl  phenylborate  under  the  conditions  described  above  yielded  52  g(33%)  of  (VI)  with  b.p. 
152-153*  (2  mm),  d4*'’  1.9199,  n*®D  1.5773. 

Found  C  60.71;  H  5.78;  B  3.35.  CiglhgOBBr.  Calculated  C  60.60;  H  5.68;  B  3.41. 

Phenyl- a-naphthylboron  Chloride  ( VU).  Into  a  Claisen  flask  was  placed  a  solution  of  13  g  of  (I)  in  100 
ml  of  absolute  benzene  and  to  it  was  added  9.4  g  of  phosphorus  pentachloride  in  portions  (after  the  addition  of 
each  portion  of  phosphorus  pentachloride,  the  reaction  mass  heated  up  to  50-60*).  When  the  whole  of  the  phos¬ 
phorus  pentachloride  had  reacted,  the  isobutyl  chloride,  benzene  and  phosphorus  oxychloride  were  distilled  from 
the  reaction  mixture  and  the  residue  fractionated.  We  obtained  8.63  g  (76.37o)  of  (VII)  with  b.p.  180-181*  (4  mm); 
on  standing,  the  substance  crystallized  as  colorless  needles  with  m.p.  87-90*. 

Found  <70:  C  77.06;  H  4.99;  B  4.35.  CjgHijBCl.  Calculated  °lo-.  C  76.68;  H  4.82;  B  4.31. 

Phenyl -p-tolylboron  Chloride  (VIII).  The  reaction  of  10  g  of  (III)  and  8.5  g  of  phosphorus  pentachloride 
under  the  conditions  of  the  previous  experiment  (but  without  solvent  and  heating)  yielded  4.2  g(507o)  of  (VIII) 
with  b.p.  142-144*  (8  mm),  d4*®  1.5783. 

Found  %;  C  72.79;  H  5.50;  B  4.97;  Cl  16.32.  CijHijBCl.  Calculated  C  72.78;  H  5.59;  B  5.05;  Cl  16.56. 

Phenyl -a-naphthylboric  Acid  (IX).  2  g  of  (VH)  was  placed  in  a  separatory  funnel  and  dissolved  in  20  ml 
of  ether.  To  the  ether  solution  obtained,  cooled  in  ice -water,  was  added  8.1  ml  of  1  N  aqueous  NaOH  solution 
and  the  mixture  shaken.  The  alkaline  layer  was  separated  and  the  ether  layer  dried  over  sodium  sulfate  for  2 
hours.  The  ether  was  removed  and  the  residue  dried  to  constant  loss  in  weight  (0.002-0.003  g  in  10  minutes)  in 
vacuum  at  1  mm.  The  liquid  residue  (1.78  g;  967o  yield)  was  dissolved  in  5  ml  of  isopentane  and  the  solution 
cooled  to  -40*.  The  isopentane  solution  was  decanted  from  the  crystalline  precipitate  (the  operation  was  carried 
out  three  times).  The  solvent  was  then  removed  in  vacuum  at  room  temperature.  We  obtained  0,87  g  of  (IX)  as 
a  thick,  yellow  liquid,  which  crystallized  on  standing;  m.p.  57-59*. 

Found  %.  C  82.97;  H  5.95;  B  4.53.  CigHjjOB.  Calculated  7o:  C  82.79;  H  5.64;  B  4.66. 

Phenyl-p-tolylboric  Acid  (X).  2.9  g  of  (VIII),  dissolved  in  30  ml  of  ether,  was  hydrolyzed  with  13.1  ml  of 
1  N  aqueous  NaOH  solution  under  the  conditions  of  the  previous  experiment.  Removal  of  the  ether  and  drying 
to  a  constant  loss  in  weight  (0.013-0.014  g  in  10  minutes)  in  vacuum  yielded  2.37  g  (887o)  of  (X)  as  a  colorless 
liquid. 

Found  7o:  C  79.45;  H  6.69;  B  5.28.  C13H13OB.  Calculated  7o;  C  79.63;  H  6.68;  B  5.51. 

The  acid  (X)  was  very  unstable  and  even  when  stored  for  a  short  time  it  was  converted  into  phenylboric 
anhydride.  From  2.3  g  of  (X)  we  obtained  1.1  g  (BBTj)  of  phenylboric  anhydride,  which  had  m.p.  212-214*  after 
recrystallization  from  benzene  and  did  not  depress  the  melting  point  of  an  authentic  sample. 

Found  7o;  At  72.92;  B  10.07.  CgHgOB.  Calculated  7o;  Ar  74.19;  B  10.04. 

Dioxanates  of  Diarylboron  Chlorides 

a)  Dioxanate  of  Phenyl  -p-tolylboron  Chloride  (XI).  To  1  g  of  (VIII),  placed  in  a  two-necked  flask,  fitted 
with  a  calcium  chloride  tube  and  a  dropping  funnel,  was  added  2  ml  of  dioxane.  The  excess  dioxane  was  distilled 
from  the  colorless,  crystalline  precipitate  in  vacuum  and  the  crystals  were  washed  with  10  ml  of  pentane,  collected 
and  dried.  We  obtained  0.7  g(507o)  of  (XI)  with  m.p.  72-76*. 

Found  7>;  B  3.70;  Cl  11.5G.  CnHgoBOiCl.  Calculated  7o;  B  3.57;  Cl  11.74. 
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b)  Dioxanate  of  Diphenylboron  Chloride  (XII).  Under  the  same  reaction  conditions,  1.3  g  of  diphenylboron 

chloride  yielded  1,3  g(70%)  of  (XII)  with  m.p.  80-85*.  • 

Found  7o;  B  3.72;  Cl  11.92.  Ci,Hi,OiBCl.  Calculated  %  B  3.75;  Cl  12.29. 

c)  Dioxanate  of  Di-a-naphthylboron  Chloride  (XIII),  From  1.37  g  of  di-a-naphthylboron  chloride  (b.p. 
216*  at  2  mm)  and  2  ml  of  dioxane  we  obtained  1  g  (57%)  of  (XIII)  with  m.p.  93-96*. 

Found  B  2.84;  Cl  8.64.  C^HitOiBCl.  Calculated  %  B  2.78;  Cl  9.13. 

d)  Dioxanate  of  Phenyl- a -naphthylboron  Chloride  (XIV).  1.3  g  of  (VII)  was  mixed  with  an  equimolecular 
amount  of  dioxane  (0.45  ml)  with  heating.  The  viscous  solution  obtained  was  diluted  with  1  ml  of  absolute  ether 
and  1  ml  of  anhydrous  isopentane.  The  colorless  crystals  precipitated  were  collected,  washed  with  10  ml  of 
isopentane  and  dried.  We  obtained  0.7  g  (40*70  of  (XIV)  with  m.p.  90-91*. 

Found  B  3.22;  Cl  10.03.  CjoH^oBOiCl.  Calculated  ^o:  B  3.19;  Cl  10.48. 

The  chloride  dioxanates  were  unstable  and  decomposed  during  storage. 

SUMMARY 

1.  The  isobutyl  esters  of  phenyl- a-naphthylboric,  phenyl -p -to lylboric  and  phenyl-p-bromophenylboric 
acids  and  phenyl- ot-naphthylboron  and  phenyl-p-tolylboron  chlorides  were  synthesized. 

2.  Phenyl-p-tolylboron,  diphenylboron,  di-a-naphthylboron  and  phenyl- a- naphthylboron  chlorides 
formed  complexes  with  dioxane  (1 :1). 

3.  On  hydrolysis  phenyl- a-naphthylboron  and  phenyl-p-tolylboron  chlorides  formed  phenyl- a-naphthyl¬ 
boric  and  phenyl-p-tolylboric  acids. 
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ORGANOBORON  COMPOUNDS 

XXX Vn.  LITHIUM  SALTS  OF  DIARYLBORIC  ACIDS  AND  THEIR  COMPLEXES  WITH  DIOXANE 

B.  M.  Mikhailov  and  V.  A.  Vaver 

Institute  of  Organic  Chemistry  Academy  of  Sciences  USSR 


Investigations  carried  out  in  our  laboratory  showed  that  mono-  and  disubstituted  organoboric  acids  reacted 
with  bases  like  Lewis  acids  and  did  not  form  salts  of  the  type  RB(OM)3  or  R^BOM  but  complex  salts  of  mono- 
and  disubstituted  borenic  acids  [RB(OH)3]M  or  [R|B(OH)|lM  [1-3]. 

In  the  present  work  it  was  shown  that  in  a  nonaqueous  medium  diarylboric  acids  may  react  as  protonic 
acids.  We  first  encountered  this  interesting  phenomenon  in  studying  the  reaction  of  phenyllithium  with  di-a- 
naphthylboric  acid.  It  might  have  been  expected  that  this  would  have  given  the  stable  lithium  di-a-naphthyl- 
phenylborenate. 


(^-0,0117)211011  -l-G„llr,Li 


y0.oll, 

(m:,oII7)2H<'  Li 

Mm  I 


It  was  found,  however,  that  the  main  reaction  product  was  the  lithium  salt  of  di-a-naphthylboric  acid 
(a-Ci5H7)2BOLi  (I).  This  salt  was  formed  even  more  smoothly  by  treatment  of  di-a-naphthylboric  acid  with 
n-butyllithium  in  benzene  solution. 


(7-C, 0117)011011  +  HfJ 


(7.-r,,oll7)2M<^ 

Mon 


[j 


(ID 

R  =  C,U»,  n  -(Mi,. 


(a-C,oIl7)illOU-t  IIH 


(I) 


This  is  evidently  connected  with  the  fact  that  the  initially  formed  borenic  complexes  (II)  were  unstable 
and  decomposed  in  this  case  with  the  elimination  of  the  radical  that  had  formed  part  of  the  original  organo- 
lithium  compound. 

The  reaction  between  di-o-tolylboric  acid  and  n-butyllithium  was  more  complex  and  led  to  the  formation 
of  a  mixture  of  lithium  salts  of  di-o-tolylboric  and  o-tolylbutylboric  acids.  The  formation  of  these  salts  is  ex¬ 
plained  by  the  fact  that  in  contrast  to  lithium  di-a-naphthylbutylborenate  (II),  lithium  di-o-tolylbutylborenate 
(III)  decomposed  in  two  ways  losing  butane  and  toluene. 


(0-CH3O, .,114)211011  -I  n.-C4lIoU 


(o-CHgCell 


C4Ht,-n 

OH 

(iiD 


Li 


-n  i-c,u,ch3 

i  i 

(o-ClL,(V,ll4)2UOLi  (0-Cll3(::„H4)(n 


-04!  I.,)  130  Li 
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By  treating  the  mixture  of  salts  with  dloxane  in  absolute  ether  we  were  able  to  isolate  the  main  reaction 
product,  the  lithium  salt  of  di-o-tolylboric  acid,  in  a  pure  form  as  its  complex  with  dloxane.  The  lithium  salt 
of  o-tolylbutylboric  acid  could  not  be  isolated.  Its  presence  in  the  mixture  of  reaction  products  was  evident 
from  the  fact  that  determining  the  boron  by  an  oxidation  method  [4]  gave  a  much  higher  percentage  boron 
content  than  determining  it  with  mercuric  chloride  [5], 

In  order  to  avoid  the  side  formation  of  salts  of  arylbutylboric  acids,  in  subsequent  experiments  for  the 
preparation  of  lithium  salts  of  di-o-tolylboric  and  di-p-tolylboric  acids  we  used  not  n-butylllthium  but  o-tolyl- 
or  p-tolylllthium,  respectively.  The  choice  of  the  organolithium  compounds  was  dictated  by  the  fact  that  the 
elimination  of  one  radical  from  lithium  trl-o-tolyl-  or  tri-p-tolylborenate  can  only  lead  to  the  formation  of  the 
lithium  salts  of  the  corresponding  diarylboric  acids. 

(0-.  p-Cll3CoH4)2BOH  +0-,  p-CH3CeIl4Li  ^  [(o-,  p-CH3G6H4)3BOHJLi  — > 

(0-,  p-CH3CeH4)2BOLi  +  C8H5CH3 

The  individual  lithioaromatic  compounds  required  were  obtained  by  exchange  reactions  between  aryl 
bromides  and  n-butyllithium  in  benzene -dloxane  solution  and  isolated  as  their  crystalline  dioxanates  [6],  p-Tolyl- 
lithium  was  also  obtained  from  n-butyllithium  and  tri-p-tolylantimony  [6]. 

In  this  way  we  obtained  the  lithium  salt  of  di-p-tolylboric  acid  (from  di-p-tolylboric  acid  and  p-tolyl- 
lithium)  and  the  dioxanate  of  the  lithium  salt  of  dl-o-tolylboric  acid  (from  dl-o-tolylboric  acid  and  o-tolyl- 
lithium  dioxanate). 

Interesting  results  which  directly  confirmed  the  general  reaction  scheme  were  obtained  by  studying  the 
interaction  of  p-tolylborlc  acid  and  p-tolyllithium  dioxanate  in  the  presence  of  excess  dloxane.  The  latter 
stabilized  the  initially  formed  lithium  tri-p-tolylborenate  to  such  an  extent  that  it  could  be  partly  isolated  from 
the  reaction  mixture  as  a  complex  with  three  molecules  of  dloxane  (IV).  Together  with  lithium  tri-p-tolyl¬ 
borenate,  we  also  isolated  its  conversion  product,  the  lithium  salt  of  di-p-tolylboric  acid,  as  its  dioxanate. 

^  (p-CIl3CeH4)2BOI[  -l-p-GHaCoIIiLi  •  D-f  2D  ^  l(p-GIl3GcH4)3BOHlU  •  3D  — > 

(IV) 

— >  (n-Gil3GoIl4)2BOLi  •  D+G6H5GH3  +  2D 
D  =  1,4- dloxane 

The  dioxanates  of  lithium  salts  of  diarylboric  acids  could  also  be  obtained  by  the  direct  action  of  lithium 
reagents  on  the  dioxanates  of  diarylboric  acids.  Thus,  the  dioxanate  of  di-a-naphthylboric  acid  and  n-butyl¬ 
lithium  yielded  the  dioxanate  of  lithium  di-a-naphthylborate  (V). 

2(7-G,„[l7)2B0H  +  G4H802  2(a-G,oH7)2BOH  •  G4H8()2 

2(^-G,nH7)2nOII  •  G4H8O2  2n.-C4n3Li  ^  2(a-Gi„H7)2BOLi  ■  G4H802-j-2n.-G4Hio 

(V) 

The  lithium  salt  of  di-a-naphthylboric  acid  did  not  react  with  methyl  iodide  in  boiling  n-hexane  but  was 
methylated  smoothly  by  dimethyl  sulfate  to  form  the  methyl  ester  of  di-a-naphthylboric  acid. 

(«-C,oll7)2BOLi  +  (GH3)2S04  (a-GioH7)2HOGn3H-GIl3S()4l.i 


Methanolysis  of  the  lithium  salt  of  di-a  -naphthylboric  acid  proceeded,  as  was  expected,  according  to  the 
scheme 


(i-GioH7)2BOLi  +  Gn30II 


(a-GioH7)2B 


OH 


Li 


(VI) 


2215 


When  this  reaction  was  carried  out  in  an  ether  medium  lithium  dl-a-naphthylmethoxyborenate  (VI)  was 
Isolated  in  the  form  of  its  monoetheratc. 


EXPERIMENTA  L 

Dl-o-tolyi-  and  di-p-tolylborlc  acids  were  obtained  by  hydrolysis  of  their  aminoethyl  esters.  The  latter 
were  synthesized  by  the  method  described  previously  [7]  from  isobutyl  metaborate  and  the  appropriate  organo- 
magnesium  compounds.  Increasing  the  concentration  of  the  o-  and  p-tolylmagnesium  bromides  to  2  moles  per 
liter  of  ether  made  it  possible  to  obtain  the  aminoethyl  esters  mentioned  in  70-75%  yields.  When  1  molar  solu¬ 
tions  of  Grignard  reagents  Were  used  [7],  the  yields  of  aminoethyl  dltolylborates  did  not  exceed  40-42%. 

All  operations  connected  with  preparing  the  lithium  salts  were  carried  out  in  an  atmosphere  of  dry  nitrogen. 
The  aryl  groups  and  boron  were  determined  as  usual  by  Wittig's  method  [5];  lithium  was  determined  by  titration 
with  0.1  N  acid  in  aqueous  or  aqueous  alcohol  solution. 

Lithium  Salt  of  Di-a-naphthylboric  Acid.  Without  cooling,  a  benzene  solution  containing  0.018  mole  of 
n-butyllithlum  was  added  with  shaking  to  a  solution  of  5  g  of  di-a-naphthylborlc  acid  In  25  ml  of  anhydrous 
benzene.  The  reaction  proceeded  with  noticeable  heat  evolution  and  the  liberation  of  a  finely  crystalline, 
colorless  precipitate.  The  reaction  mixture  was  kept  at  room  temperature  for  10  hours  and  then  the  lithium  salt 
was  collected,  washed  with  n-hexane  and  dried  in  vacuum.  The  yield  was  4.45  g(87.3%). 

Found  %:  C  82.95,  82.89;  H  5.40,  5.40;  B  3.49,  3.55;  Li  2.33,  2.37.  CjoH^OBLi.  Calculated  %:  C  83.38; 

H  4.90;  B  3.75;  Li  2.41. 

The  lithium  salt  of  di-a-naphthylboric  acid  was  sparingly  soluble  in  benzene  and  ether,  moderately 
soluble  in  methylene  dichloride  and  insoluble  in  hexane. 

Lithium  Salt  of  Di-p-tolylboric  Acid.  2.1  g  of  di-p-tolylboric  acid  was  dissolved  in  5  ml  of  absolute 
ether  and  mixed  with  shaking  with  an  ether  solution  of  0.01  mole  of  p-tolyllithlum,  prepared  from  tri-p-tolyl- 
antimony  and  n-butyllithium  [6].  The  ether  was  removed  at  100*  (10  mm)  and  the  residue  kept  for  5  minutes 
at  100*  (3  mm)  and  then  treated  with  8  ml  of  anhydrous  n-hexane.  The  colorless,  crystalline  reaction  product 
was  collected,  washed  with  hexane  (3x2  ml)  and  dried  in  vacuum. 

Found  %>:  CHjCeH4  83.98,  83.87;  B  4.41,  4.58;  Li  3.23,  3.20.  Ci4Hi40BLi.  Calculated  %:  CH,CeH4  84.37; 

B  5.01;  Li  3.21. 

The  yield  of  lithium  di-p-tolylborate  was  1.90  g(88%). 

Dioxanate  of  Lithium  Di-o-tolylborate.  A.  From  Di-o-tolylboric  Acid  and  N-butylllthium.  With  vigorous 
stirring,  a  benzene  solution  of  0.0238  mole  of  n-butyllithium  was  added  to  a  warm  solution  of  5  g  of  di-o-tolyl¬ 
boric  acid  in  40  ml  of  anhydrous  n-hexane.  After  the  reaction  mixture  had  been  stirred  for  2  hours  at  room  tem¬ 
perature,  the  precipitate  of  salts  was  collected,  washed  with  anhydrous  n-hexane  (2  x  10  ml)  and  dried  to  constant 
weight  in  vacuum.  We  obtained  4.32  g  of  substance. 

Found  %:  B  5.70,  5.44  (oxld.);  4.70,  4.74  (det.  with  mercuric  chloride);  Li  3.41,  3.34.  Ci4Hi4BOLi. 
Calculated  %:  B  5.01;  Li  3.21.  CnHieBOLi.  Calculated  %:  B  5.95;  Li  3.81. 

The  2.47  g  of  salts  obtained  in  this  way  was  treated  on  a  filter  with  a  solution  of  2.5  ml  of  dioxane  in 
25  ml  of  absolute  ether  and  then  extracted  many  times  on  the  filter  with  boiling  ether.  For  this  purpose  the 
lower  joint  of  the  filter  funnel  was  attached  to  a  flask  with  boiling  solvent  and  the  upper  tube  of  the  funnel  was 
connected  to  a  reflux  condenser.  The  residue  on  the  filter  after  treating  the  mixture  of  lithium  salts  in  the 
manner  described  weighed  0.75  g.  The  ether  —  dioxane  solution  was  evaporated  to  10-15  ml  in  vacuum,  mixed 
with  10  ml  of  anhydrous  isopentane  and  kept  at  0*  for  12  hours.  The  precipitate  was  collected,  washed  with  a 
1 : 1  mixture  of  absolute  ether  and  isopentane  and  recrystallized  from  20  ml  of  absolute  ether  with  1  ml  of  anhy¬ 
drous  dioxane  added.  We  obtained  1.90  g  of  the  dioxanate  of  lithium  di-o-tolylborate. 

Found  %:  C  71.24,  70.96;  H  7.29,  7.48;  B  3.40,  3.45;  Li  2.21,  2.23.  CijHjjOaBLi.  Calculated  C  71.09; 
H  7.29;  B  3.56;  Li  2.28. 

The  dioxanate  .of  lithium  di-o-iolylborate  was  readily  soluble  in  benzene,  sparingly  soluble  in  ether  and 
insoluble  in  isopentane. 
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B.  From  Di-o-tolylboric  Acid  and  o-Tolylllthium  Dioxanate.  Without  cooling,  a  solution  of  2.20  g  of 
di-o-tolylboric  acid  in  a  mixture  of  5  ml  of  absolute  ether  and  1  ml  of  anhydrous  dioxane  was  added  to  a  solu¬ 
tion  of  0.011  mole  of  o-tolylllthium  dioxanate  in  15  ml  of  absolute  ether.  The  reaction  proceeded  with  notice¬ 
able  heat  evolution  and  the  liberation  of  a  finely  crystalline,  colorless  precipitate  of  the  lithium  salt.  The  reac¬ 
tion  mixture  was  evaporated  in  vacuum  to  1/3  of  its  original  volume  and  left  at  0*  for  12  hours  for  further  crystal¬ 
lization.  The  precipitate  of  the  lithium  salt  dioxanate  was  collected,  washed  with  10  ml  of  a  mixture  of  absolute 
ether  and  isopentane  (1 : 1)  and  then  isopentane  (2  x  2.5  ml)  and  dried  in  vacuum.  We  obtained  1.8  g  of  substance. 
The  filtrate  was  again  evaporated  in  vacuum  and  the  residue  diluted  with  a  mixture  of  5  ml  of  isopentane  and 
2.5  ml  of  absolute  ether  to  yield  a  further  0.66  g  of  dioxanate.  The  total  yield  of  the  dioxanate  of  lithium  di-o- 
tolylborate  was  2,46  g  (IT^o). 

The  dioxanate  of  the  lithium  salt  was  recrystallized  from  absolute  ether  with  dioxane  added. 

Found  CHjCeH4  59.65,  59.79;  B  3.44,  3.50;  U  2.23,  2.25.  CuH^OBLi*  C4HA.  Calculated  % 

CH3CeH4  59.93;  B  3.56;  Li  2.28. 

Dioxanate  of  Lithium  Di-p-tolylborate.  Dioxanate  of  Lithium  Tri-p-tolylborenate.  To  a  solution  of  3.15  g 
of  p-tolyllithium  dioxanate  in  40  ml  of  absolute  ether  was  added  1  ml  of  dioxane  and  then  a  solution  of  3.10  g 
of  di-p-tolylboric  acid  in  10  ml  of  ether  was  introduced  with  taking.  The  reaction  mixture  was  evaporated  to 
10-15  ml,  diluted  with  5  ml  of  isopentane  and  kept  at  0*  for  12  hours.  The  precipitate  of  salts  was  collected, 
washed  with  6  ml  of  a  mixture  of  absolute  ether  and  isopentane  (1:5)  and  dried  in  vacuum.  We  obtained  3.2  g 
of  salts.  The  reaction  products  were  treated  on  a  filter  with  a  mixture  of  20  ml  of  absolute  ether  and  2  ml  of 
dioxane  and  then  extracted  many  times  with  boiling  ether.  The  undissolved  residue  weighed  1.4  g  and  was  the 
dioxanate  of  lithium  di-p-tolylborate. 

Found  CH3C8H4  61.80,  62.08;  B  3.71,  3.69;  Li  2.05,  2.10.  Ci4Hi40BLi.  C4H,Oi.  Calculated 
CH3C6H4  59.93;  B  3.56;  Li  2.28. 

The  filtrate  with  a  slight  precipitate,  liberated  from  the  ether  solution  during  the  extraction,  was  evaporated 
in  vacuum  to  approximately  10  ml,  mixed  with  5  ml  of  Isopentane  and  kept  at  0*  for  6  hours.  The  finely  crystal¬ 
line,  colorless  precipitate  of  the  dioxanate  of  lithium  tri-p-tolylborenate  (1.40  g)  was  collected,  washed  with  iso¬ 
pentane  (3x3  ml)  and  dried  in  vacuum. 

Found  7o:  CHsCglii  49.39,  49.20;  B  2.08,  2.03;  Li  1.24,  1.20.  CjjHjjBOLi.  3C4H8qe.  Calculated 
CH3C,H4  47.76;  B  1.89;  Li  1.21. 

Dioxanate  of  Di-a-naphthylboric  Acid.  To  a  solution  of  2.82  g  of  di-a-naphthylboric  acid  in  10  ml  of 
absolute  ether  was  added  a  solution  of  0.88  g  of  dioxane  in  2.5  ml  of  ether.  After  3-5  minutes,  the  solution 
began  to  deposit  crystals  of  the  dioxanate.  The  reaction  product  was  collected,  washed  with  a  mixture  (1 :1) 
of  absolute  ether  and  isopentane  (2X5  ml)  and  dried  in  vacuum.  We  obtained  3.00  g  (92%)  of  the  dioxanates 
of  di-ot-naphthylboric  acid  with  m.p.  130-131*. 

Found  %:  C  80.66,  80.77;  H  5.98,  5.82;  B  3.40,  3.35.  C44H41BO3.  Calculated  %:  C  81.07;  H  5.87; 

B  3.32. 

Dioxanate  of  Lithium  Di-a-naphthylborate.  2.90  g  of  the  dioxanate  of  di-a-naphthylboric  acid  was 
dissolved  in  20  ml  of  anhydrous  benzene  and  treated  at  room  temperature  with  a  benzene  solution  of  0.009  mole 
of  n-butyllithium.  The  reaction  solution  was  evaporated  at  80*  (15  mm)  and  the  residue  mixed  with  10  ml  of 
absolute  ether  and  5  ml  of  a  mixture  (1 ;  1)  of  absolute  ether  and  n-hexane,  filtered,  washed  with  a  mixture  of 
absolute  ether  and  n-hexane  and  dried  in  vacuum.  The  yield  of  the  dioxanate  of  lithium  di-a-naphthylborate 
was  2  g  ( 69%). 

Found  %:  CiqHj  73.53,  73.80;  B  3.46,  3.40;  Li  1.95,  1.98.  C4oH280BLi*  C4H80i.  Calculated  %:  CjoHy 
76.57;  B  3.26;  Li  2.09. 

Methyl  Ester  of  Di-a-naphthylboric  Acid.  To  a  suspension  of  1.6  g  of  the  lithium  salt  of  di-a-naphthyl¬ 
boric  acid  in  10  ml  of  anhydrous  benzene  was  added  1.06  g  of  dimethyl  sulfate.  The  reaction  mixture  was 
boiled  for  2  hours.  The  benzene  solution  was  cooled  and  freed  from  the  finely  crystalline  precipitate  of  lithium 
methylsulfate  (0.64  g)  by  filtration.  The  benzene  filtrate  was  evaporated  at  100*  (10  mm)  and  the  residue  mixed 
with  3  ml  of  anhydrous  methyl  alcohol.  We  obtained  1.2  g(72.3%)  of  the  methyl  ester  of  di-a-naphthylboric 
acid  with  m.p.  95-98*.  After  recrystallization  from  n-hexane,  the  product  had  m.p.  101-103*. 
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Found  •Jk;  C  86.06,  85.32;  H  5.81,  5.83;  B  3.63,  3.65.  C^HitOB.  Calculated  C  85.16;  H  6.78;  B  3.65. 

The  substance  was  readily  soluble  In  ether  and  benzene  and  sparingly  soluble  in  methyl  alcohol,  n-hexane 
and  isopentane. 

Lithium  Di>a>naphthylmediOKyborenate.  A  suspension  of  1.50  g  of  lithium  di>a>naphthylborate  in  10  ml 
of  absolute  ether  was  treated  widi  0.l7  g  of  anhydrous  methyl  alcohol.  The  reaction  proceeded  with  slight  heat 
evolution  and  solution  of  the  original  lithium  salt  in  ether.  After  15  minutes,  the  ether  solution  was  filtered  and 
evaporated  at  50*  (10  mm).  The  residue  was  mixed  with  3  ml  of  anhydrous  benzene  and  3  ml  of  anhydrous  hexane. 
The  residue  was  collected,  washed  with  anhydrous  n-hexane  (3X3  ml)  and  dried  to  constant  weight  in  vacuum. 

We  obtained  1.46  g  (71%)  of  a  complex  corresponding  in  analysis  to  the  monoetherate  of  lithium  di-a-naphthyl- 
methoxyborenate. 

Found  %:  C  76.88,  76.73;  H  6.76,  7.09;  B  2.94,  2.90;  Li  1.98, 1.91.  C^HigOjBLl.  Calculated  %:  76.16; 

H  7.16;  B  2.74;  U  1.76. 


SUMMARY 

1.  The  interaction  of  diarylboric  acids  and  aryllithiums  or  butyllithium  formed  unstable  lithium  trlaryl- 
or  diarylbutylborenates. 

2.  Lithium  di-o-tolylbutylborenate  decomposed  losing  butane  and  toluene  to  form  a  mixture  of  the 
lithium  salts  of  dl-o-tolylboric  and  o>tolylbutylboric  acids. 

3.  Decomposition  of  the  symmetrical  lithium  triarylborenates  or  lithium  di-a-naphthylbutylborenate 
yielded  the  lithium  salts  of  the  corresponding  diarylboric  acids. 

4.  The  lithium  salts  of  diarylboric  acids  were  isolated  either  in  this  form  or  as  their  complexes  with  diox- 

ane. 


LITERATURE  CITED 

[1]  B.  M.  Mikhailov  and  V.  A.  Vaver,  Proc.  Acad.  Sci.  USSR  102,  531  (1955). 

[2]  B.  M.  Mikhailov  and  V.  A.  Vaver,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.  461  (1966).* 

[3]  B.  M.  Mikhailov,  T.  K.  Kozminskaya,  A.  N.  Blokhina  and  T.  A.  Shchegoleva,  Bull.  Acad.  Sci.  USSR, 
Div.  Chem.  Sci.  1956,  692.* 

[4]  B.  M.  Mikhailov  and  T.  A.  Shchegoleva,  Proc.  Acad.  Sci.  USSR  108, 481  (1956).* 

[5]  G.  Wlttig,  G.  Keicher,  A.  Ruckert  and  P.  Raff,  Ann.  563,  110  (1949). 

[6]  B.  M.  Mikhailov  and  N.  G.  Chernova,  J.  Gen.  Chem.  29,  222  (1959).* 

[7]  B.  M.  Mikhailov  and  V.  A.  Vaver,  Bull.  Acad.  ScL  USSR,  Div.  Chem.  Sci.  1967,  989.* 

Received  June  26, 1958 


*  Original  Russian  pagination.  See  C.  B.  Translation. 


2218 


0-NAPHTHYL  DERIVATIVES  OF  THE  ArPbX,  CLASS 

V.  I.  Lodochniko  va ,  E.  M.  Panov  and  K.  A.  Kocheshkov 
L.  Ya.  Karpov  Physicochemical  Institute  and  Sverdlovsk  State  Medical  Institute 


Previously  one  of  us  and  M.  M.  Nad*  [1]  showed  that  organolead  compounds  of  the  ArsPbX|  clast  (where 
Ar  Is  an  aromatic  radical)  were  formed  according  to  the  equation 

2Ar,Hg  +  Pb(OOCCH8)4  -►ArjPbfOOCCHs)*  +  2ArHgOOCCH8 

Among  the  compounds  obtained  In  this  was  di-0 -naphthyllead  dlacetate,  which  was  the  only  organolead  com¬ 
pound  containing  a  0  -naphthyl  group  described  up  to  the  present  work. 

We  recently  found  [2]  that  the  same  starting  reagents  In  molar  ratios  gave  the  compounds  ArPbX3,  identical 
with  the  representatives  of  this  class  we  obtained  previously  by  another  method  [3].  It  seemed  interesting  to 
synthesize  the  salts  0 -CioH7Pb(OOCR)s,  starting  from  di-0 -naphthylmercury  and  to  obtain  fuller  data  on  the 
0  -naphthyl  compounds  of  lead. 

In  the  present  work  we  synthesized  0 -naphthyllead  triacetate,  0 -naphthyllead  tripropionate  and  0-naphthyl- 
plumbonlc  acid.  It  was  shown  that  the  latter  could  serve  as  an  Intermediate  in  the  replacement  of  one  organic 
acid  residue  by  another. 

The  compounds  ArPbXa  are  the  first  stage  In  the  arylatlon  of  tetravalent  lead  salts  of  organic  acids  by  the 
equation  presented  above  and  should  react  with  Ar^Hg  to  form  ArjPbX^.  Thus,  the  formation  of  AriPbX^  is  ac¬ 
complished  in  two  stages.  In  actual  fact  0 -naphthyllead  triacetate  reacted  with  di-0 -naphthylmercury  to  give 
di-0  -naphthyllead  diacetate.  An  analogous  reaction  was  observed  byCrlegee,Dimroth  and  Schempf*  on  the 
example  of  dlphenyllead  diacetate  formation  [4]. 

It  should  be  noted  that  compounds  of  the  0  -CioH7Pb(OOCR)3  series  formed  more  slowly  and  crystallized 
with  more  difficulty  than  the  corresponding  derivatives  of  the  a-naphthyl  series  which  we  described  previously 
[5]. 

The  acetates  are  convenient  lead  salts  for  the  work:  reactions  with  them  proceeded  smoothly,  they  were 
easier  to  isolate  from  the  reaction  mixture  and  the  yield  was  usually  higher  than  when  the  salts  of  other  acids 
were  used. 


EXPERIMENTA  L 

0  -Naphthyllead  Triacetate.  To  a  solution  of  1.1  g  of  lead  tetraacetate  in  15  ml  of  dry  chloroform, 
acidified  with  2  drops  of  acetic  acid  was  added  1  g  of  di-0  -naphthylmercury  in  small  portions  and  after  40 
minutes,  the  latter  had  dissolved.  The  solution  acquired  a  yellowish  brown  color.  After  an  hour,  an  equivalent 
amount  of  an  alcohol  solution  of  hydrogen  chloride  was  added  to  the  solution.  The  precipitate  which  formed  was 
a  side  product,  0 -naphthylmercury  chloride,  (0.65  g,  827*)  which  had  m.p.  264-265*.  According  to  literature 
data  the  m.p.  is  266-267’  [6].  After  removal  of  the  solvent,  the  dry  residue  was  recrystallized  from  ethyl  acetate 
with  a  drop  of  acetic  acid  added.  We  obtained  0.42  g(387o)  of  0 -naphthyllead  triacetate  with  m.p.  106*.  After 
a  second  recrystallization,  the  product  had  m.p.  108-109*. 

*In  1957  these  authors  described  the  reaction  between  diarylmercury  and  lead  tetraacetate  without  mentioning 
the  fact  that  we  had  already  published  this  method  of  preparing  ArPbXs  Li  1956  [2]. 
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Founder  Pb  40.88,  40.25.  Ci,HieO,Pb.  Calculated  7o:  Pb  40.52. 

The  yellow  crystalline  substance  dissolved  very  readily  in  chloroform  and  benzene  in  the  cold,  readily  in 
methyl  and  ethyl  alcohols  and  ethyl  acetate  and  very  sparingly  in  ether  and  hexane.  It  dissolved  sparingly  in 
ligroin  in  the  cold  and  moderately  on  heating. 

8  “Naphthylplumbonlc  Acid.  When  an  alcohol  solution  of  B  -naphthyllead  triacetate  was  added  to  excess 
5^  aqueous  ammonia,  a  yellowish  precipitate  formed  and  this  was  washed  with  water,  alcohol  and  ether  and 
dried  to  constant  weight  in  a  desiccator  over  calcium  chloride.  We  obtained  a  pale  yellow  amorphous  powder. 

The  yield  was  857o. 

Found  Pb  56.17,  56.13.  CioHgOiPb,  Calculated  %  Pb  56.42. 

In  external  appearance  and  properties,  the  substance  was  reminiscent  of  a-naphthylplumbonic  acid  we 
described  previously  [5].  When  ground  with  organic  acids  it  again  gave  the  salt  6  -CioH7Pb(OC)CR)j  (see  next 
experiment). 

6  -Naphthyllead  Tripropionate  from  6  -Naphthylplumbonlc  Acid.  0.3  g  of  6  -naphthylplumbonlc  acid 
was  carefully  ground  with  the  calculated  amount  (-t-lOfo  excess)  of  propionic  acid.  The  solution  was  left  to  crystal¬ 
lize  in  a  desiccator  over  alkali.  The  solid  substance  obtained  was  recrystallized  from  ligroin  (b.p.  95-100*).  The 
m.p.  was  84-85*.  The  substance  was  identical  with  the  B -naphthyllead  tripropionate  obtained  by  the  direct 
method  (see  next  experiment). 

B -Naphthyllead  Tripropionate.  To  a  solution  of  1.25  g  of  lead  tetrapropionate  in  20  ml  of  chloroform, 
acidified  with  2  drops  of  propionic  acid,  was  added  1  g  of  di-B -naphthylmercury;  the  latter  gradually  dissolved. 

As  usual,  after  2  hours  the  equivalent  amount  of  an  alcohol  solution  of  hydrogen  chloride  was  added  to  the 
slightly  yellowish  solution,  which  was  then  cooled  to  0*.  We  obtained  0.76  g  (95*^^)  of  B -naphthylmercury  chloride. 
The  filtrate  was  left  in  air  (or  better  in  a  vacuum  desiccator)  until  the  solvent  was  removed  completely.  After 
recrystallization  from  benzene,  the  residue  (1.3  g)  had  m.p.  84-85*.  The  yield  was  0.75  After  a  second 

recrystallization  from  the  same  solvent,  the  substance  had  the  same  melting  point. 

Found  Pb  37.05,  37.41.  Ci9H220ePb.  Calculated  Pb  37.45. 

B -Naphthyllead  tripropionate  was  a  slightly  yellowish  crystalline  substance,  which  dissolved  readily  in 
acetone,  ethyl  acetate,  chloroform  and  methyl  and  ethyl  alcohols  in  the  cold;  it  was  sparingly  soluble  in  ligroin 
in  the  cold  and  moderately  so  on  heating;  it  was  sparingly  soluble  in  hexane  and  isopentane  even  on  heating. 

Di-B -ns^phthyllead  Diacetate.  To  a  solution  of  0.4  g  of  B -naphthyllead  triacetate  in  15  ml  of  dry  chloro¬ 
form  was  added  0.35  g  of  di-B  -naphthylmercury.  The  mixture  was  heated  until  the  latter  dissolved  completely 
and  then  left  for  3  days.  The  solution  was  filtered,  the  solvent  removed  almost  to  dryness  on  a  water  bath  and 
the  residue  left  in  air  until  the  solvent  had  disappeared  completely.  The  crystalline  residue  was  washed  twice 
with  hot  acetone  and  once  with  3  ml  of  anhydrous  alcohol  acidified  with  2  drops  of  acetic  acid.  We  obtained  a 
product  with  m.p.  235-236*.  According  to  literature  data  the  melting  point  of  dl-B -naphthyllead  diacetate  is 
236-236.5*  [1]. 

Lead  T etrapropionate.  Lead  tetraacetate  was  dissolved  in  eight  times  its  weight  of  propionic  acid  and  the 
solution  was  evaporated  in  vacuum  at  50-60*  to  approximately  two  thirds  of  the  original  volume.  Cooling  the 
residue  with  ice  —  water  yielded  needlelike  crystals  of  lead  tetrapropionate.  The  yield  was  83%  and  the  m.p. 
129-131*.  According  to  literature  data  the  m.p.  is  132*  [7]. 

SUMMARY 

1.  B -Naphthyllead  triacetate,  B -naphthyllead  tripfopionate  and  B -naphthylplumbonlc  acid  were  synthesized 
for  the  fint  time. 

2.  It  was  shown  that  B -naphthyllead  triacetate  may  be  converted  into  di-B -naphthyllead  diacetate  by 
reaction  with  diaryl  compounds  of  mercury. 
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ESTERS  OF  URETHANPHOSPHORIC  ACIDS 


A.  V.  Kirsanov  and  M.  S.  Marenets 

Institute  of  Organic  Chemistry  Academy  of  Sciences  Ukrainian  SSR 


The  dimethyl  ester  of  methylurethan-N -phosphoric  acid,  CH30CONHPO(OCH|)|  [1],  was  recently  prepared 
and  found  to  be  an  active  systemic  insecticide  [2],  which  was  almost  completely  nontoxic  to  warm-blooded 
animals  and  was  called  *Kiev-20-35  preparation*  (later  K-20-35). 

It  seemed  Interesting  to  study  in  more  detail  the  chemical  and  physiological  properties  of  compounds 
related  to  K-20-35  and  to  find  simpler  and  more  convenient  methods  of  synthesizing  K-20-35  and  its  analogs, 
which  could  serve  as  the  basis  for  developing  a  scheme  for  factory  production. 

Previously  K-20-35  was  obtained  [1,  3]  by  a  quite  complicated  scheme  consisting  of  four  stages  and  in¬ 
cluding  the  use  of  metallic  sodium  and  giving  over-all  yield  of  about  45%. 

C2H5OCONH2  — ^  C2H50C0N=PCl3  QCNPOCI2 

CII3OCONHPOCI2  — Cn30C0NHP0(0CH3)2 


It  was  pouible  to  develop  two  new  schemes  for  the  synthesis  of  K-20-35,  the  first  of  which  consisted  of 
three  stages  with  an  over-all  yield  of  about  76%  and  the  second  of  two  stages  with  an  over -all  yield  of  about  80%. 


CH3OCONH2  — ^  CH30C0N=pci3  CH3QCONHPOCI2 

^  CH30C0NHP0(0CH3)2 

CH3OCONH2  — ^  CH30C0N=PCl3 

— >  2HCi  +  CH3CI  +CH30C0NHP0(0CH3)2 


(I) 


(11) 


Scheme  (II)  was  more  convenient  for  preparing  K-20-35  in  large  amounts  while  scheme  (I)  was  more 
convenient  for  synthesizing  K-20-35  homologs.  In  the  synthesis  of  K-20-35  by  scheme  (II),  the  second  stage 
yielded  a  solution  of  K-20-35  in  methanol  containing  2  moles  of  hydrogen  chloride  and  1  mole  of  methyl 
chloride  to  each  mole  of  K-20-35.  If  this  solution  was  stored  at  room  temperature  for  more  than  3  hours  the 
yield  of  K-20-35  fell  considerably  apparently  due  to  hydrohalogenolysls  of  K-20-35.  However,  if  the  methyl 
alcohol  was  rapidly  removed  by  distillation  immediately  after  the  reaction  then  the  yield  of  K-20-35  also  fell 
since  the  methanolysis  of  the  methyl  trichlorophosphazocarbonate  was  incomplete. 

Of  the  esters  of  trichlorophosphazocarbonic  acid  of  the  type  ROCON  =  PCl3,  up  to  now  only  the  ethyl  ester 
was  known  [3,  4]  and  this  was  obtained  by  scheme  (III). 

C2H5OGONH2  +  PCI5  2HC1  +  C2H50C0N=PCl3 


The  methyl,  isopropyl,  n-propyl,  isobutyl  and  n-butyl  esters  of  trichlorophosphazocarbonic  acid  were  ob¬ 
tained  in  quantitative  yields  by  the  same  scheme.  Reaction  (III)  was  accompanied  by  the  absorption  of  large 
amount  of  heat  and  the  temperature  of  the  reaction  mixture  (for  0.1  mole)  5-10  minutes  after  the  beginning  of 
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TABLE  1 


Esters  of  Trichlorophotphazocarbonlc  Acid  of  the  Type  ROCON  = 
=  PC1, 


R 

Equivalent 
found  after 
hydrolysis  • 

Empirical 

formula 

Decomposition 

temperature 

beginning 

end 

CH, 

4.97.  4.92 

C2H3O2NPCI3 

22° 

65° 

GaHs 

5.03,  4.98 

C3H6O2NPCI3 

25 

70 

iso  *4^3117 

4.90,  4.99 

G4H,05NPC1, 

37 

80 

n  -C3H7 

5.01,  4.95 

G4H,02NPGl3 

46 

86 

isoQHo 

4.83,  5.07 

G5H8O2NPGI3 

69 

90 

n-C4Hn 

4.90,  4.87 

G5M9O2NPGI3 

78 

95 

*  Calculated  equivalent  after  hydrolysis  5.00. 
TABLE  2 


Diacld  Chlorides  of  Urethan-N -phosphoric  Acids  of  the  Type 
RCX:ONHPOCl| 


R 

Equiv.  after 
hydrolysis 

Empirical 

formula* 

Melting 

point 

Clip 

3.87, 

3.89 

G2n403NPGl2 

47—50°** 

C2H5 

3.77, 

4.10 

G3II0O3NPGI2 

23—25** 

ISO-G3II7 

3.97, 

4.05 

G4II8O3NPGI2 

75-77** 

n  Gall 7 

3.82, 

3.87  * 

G4ll803NPGla 

49—50 

iso  G.!!!) 

3.76, 

3.84 

GsnioOaNPGlg 

Liquid 

n  -G.Hn 

3.73, 

3.82 

GsII.oOaNPGla 

Liquid 

cis  -G(jll  j  1 

3.84, 

3.91 

G7ll,.,03NPGl2*** 

110-111°  ■ 

*For  all  compounds  the  calculated  equiv.  after  hydrolysis  was  4.00, 

•  •Cf.  [1]. 

•••Found‘d:  Cl  27.61,  27.45.  Calculated  Cl  27.30. 

the  reaction  fell  to  -26*  for  the  methyl  and  ethyl  esters  of  trichlorophosphazocarbonic  acid  and  to  -16*  for  the 
other  esters  (at  an  air  temperature  of  +20*),  In  the  absence  of  external  heating,  the  reaction  was  complete  (for 
0.1  mole)  in  1  hour.  A  considerable  amount  of  hydrogen  chloride  (about  l^o)  remained  dissolved  in  the  trichloro¬ 
phosphazocarbonic  ester,  but  was  readily  removed  in  vacuum  (5-10  mm)  in  a  period  of  30-40  minutes. 

All  the  trichlorophosphazocarbonic  esters  were  colorless  liquids  which  decomposed  quantitatively  onheating 
according  to  the  scheme: 

1\0G0N=PC!3  RCl  +  OCNPOClz  (IV) 

With  an  increase  in  the  molecular  weight  of  the  alkyl,  the  decomposition  point  was  raised.  Esters  with 
iso-alkyls  decomposed  at  lower  temperatures  than  esters  with  normal -alkyls.  Table  1  gives  the  temperatures  of 
the  beginning  and  end  of  reaction  (IV)  at  a  heating  rate  of  0.7*  per  minute  (thermometer  bulb  in  liquid). 

Reaction  (IV)  was  accompanied  by  the  evolution  of  heat  and  therefore  with  careless  heating  the  decomposi¬ 
tion  of  trichlorophosphazocarbonic  esters,  especially  with  large  amounts,  could  occur  explosively.  Reaction  (FV) 
could  be  carried  out  quite  safely  if  methyl  trichlorophosphazocarbonate  was  slowly  added  from  a  dropping  funnel 
to  an  empty  flask  heated  to  50-60*  on  a  water  bath.  Under  these  conditions  decomposition  occurred  immediately 
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TABLE  3 

Urethan-N -phosphoric  Esters  of  the  Type  RC)CONHPO(OR’)j 


R 

U' 

N  found  (in  °lo) 

Empirical 

formula 

N  calculated 
(in  % 

CH3 

GIL, 

7.67,  7.85 

G4n,o05Nl'* 

7.65 

CHj 

Calir, 

7.10,  6.90 

C„IIi405NF 

6.63 

CjHs 

GIl., 

6.89,  6.98 

G,I1,205NP 

7.10 

Calls 

Calir. 

5.98,  6.02 

G7Hi„05NP 

6.20 

C2H5 

n  -G3M7 

5.44.  5.32 

C„H2o06NP 

.5.53 

CaHs 

iSO-G3ll7 

5.30,  5.50 

CnllaoOgNP 

5..53 

C2H5 

n  -C4lln 

4.80,  4.75 

G,iH2405NP 

4.99 

C2II5 

iso  G4II.) 

5.11.  5.20 

Gi,H2405NP 

4.99 

n  -C3H7 

iJt, 

6.82,  6.85 

GelluOfiNP 

6.63 

n  -C3H7 

G/2H5 

5.81,  5.92 

CgllisOsNP 

5.85  * 

iso  -0311 7 

n  -G.,117 

.5.10,  5.20 

CioHa20.5NP 

5.24 

n  -G3H7 

iso  G1II7 

5.20,  5.00 

CioHaaOsNP 

5.24 

n  -C3II7 

n-G4H„ 

4.49,  4.51 

CiallasOsNP 

4.74 

iso  -(33117 

GHt 

6.69,  6.81 

GfllluOgNP 

6.63 

150*03117 

Calir, 

6.23.  6.17 

GeH,80r,NP 

5.85 

“-C4I1B 

GIl, 

6.29.  6.11 

C^llioOsNP 

6.20 

n  -C4IIB 

emails 

5.46,  5.60 

G„H2o05NP 

5.53 

n  -C4Hn 

n-G3M7 

4.80,  4.79 

C„Ha406NP 

4.98 

iso  -C4HJ, 

GIIt 

6.41,  6.39 

C7lI,60r,NP 

6.20 

iso -0414 

n-(^,H7 

4.70,  4.81 

G„H2405NP 

4.98 

iso-C4lln 

iso  G3H7 

4.77,  4.80 

G„II.,40ftNP 

4.98 

cls-CcHii 

CII3 

5.72,  5.68 

C„H,80,,NP** 

5..57 

•M.p.  64-66*. 

•  •M.p.  76-76*. 


and  the  bulk  of  the  dlacid  chloride  of  the  isocyanatophosphorid  acid  remained  in  the  flask  while  the  part  carried 
along  by  the  methyl  chloride  could  be  readily  condensed  in  a  trap  cooled  to  -80*. 

Diacid  chlorides  of  urethan-N -phosphoric  acid  were  previously  obtained  [1, 3,  4]  by  the  scheme 

OCNPOCla-l- ROH  ROCONHPOCI2  (V) 

Now  they  can  be  obtained  in  almost  quantitative  yields  by  the  formolysis  and  hydrolysis  of  trichlorophos- 
phazocarbonic  esters  (cf.  [6])  by  the  scheme 


ROCON=PCl3  — ROCONHPOCI2  (VI) 

(  or  HCOOH) 

For  small  amounts  it  was  more  convenient  to  use  formolysis  in  benzene  solution  and  for  large  amounts  the 
hydrolysis  was  best  carried  out  with  the  theoretical  amount  of  water  without  solvent  and  with  vigorous  stirring 
and  cooling. 

Table  2  gives  the  diacid  chlorides  of  urethan-N -phosphoric  acids,  which  were  obtained  by  formolysis  of 
appropriate  esters  of  trichlorophosphazocarbonic  acids  by  scheme  (VI)  with  the  exception  of  the  dlacid  chloride 
of  cyclohexylurethan-N -phosphoric  acid,  which  was  obtained  by  the  action  of  cyclohexanol  on  the  diacid  chloride 
of  Isocyanatophosphorlc  acid  (cf.  [1]).  (See  the  experimental  section  for  a  description  of  the  hydrolysis  of  tri¬ 
chlorophosphazocarbonic  esters  with  water). 

In  paper  [1]  it  was  reported  that  "the  action  of  isopropyl,  n-butyl  and  isobutyl  alcohols  and  then  the  cor- 
respK)nding  alcoholates  on  the  acid  chloride  of  isocyanatophosphorlc  acid  formed  trialkyl  phosphites  as  the  main 
reaction  products."  This  report  is  Incorrect  and  caused  by  an  experimental  error.  In  fact  the  action  of  sodium 
alcoholates  on  the  diacid  chlorides  of  urethan-N -phosphoric  acid  gave  76-86*70  yields  of  urethanphosphorlc  esters 
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of  the  type  ROCONHPO(OR’)|  (Table  3),  which  were  colorless,  uncrystallizable  thick  liquids  (with  the  exception 
of  crystalline  K-20-35  and  the  dimethyl  ester  of  cyclohexylurethan-N -phosphoric  acid)  that  dissolved  readily 
in  water,  acetone,  benzene,  alcohol,  dioxane,  ether  and  methanol,  with  more  difficulty  in  carbon  tetrachloride 
and  were  difficultly  soluble  in  ligroln. 

The  urethanphosphoric  esters  were  weak  acids  and  could  be  titrated  in  alcohol  solutions  with  aqueous  0.1  N 
sodium  hydroxide  solution  in  the  presence  of  phenolphthalein  to  0.75-0.80  equiv.  Their  crystalline  sodium  salts 
could  be  obtained  by  mixing  equimolecular  amounts  of  aqueous  solutions  of  sodium  hydroxide  and  urethanphos¬ 
phoric  esters  and  evaporating  the  mixture  in  vacuum  at  room  temperature.  The  sodium  salts  were  very  readily 
soluble  in  water  and  their  aqueous  solutions  showed  an  alkaline  reaction  to  phenolphthalein.  The  structure  of 
urethanphosphoric  esters  was  confirmed  by  the  fact  that  on  thermal  decomposition  (cf.  [6])  they  gave  alcohols 
and  diesters  of  isocyanatophosphoric  acids.  If  we  started  from  the  dimethyl  esters  of  urethanphosphoric  acids, 
then  we  obtained  the  corresponding  alcohol  and  dimethyl  ester  of  Isocyanatophosphoric  acid,  which  reacted  with 
methanol  quantitatively  to  give  crystalline  K-20-35,  for  example: 

G2ll50G0NHP0(0CH3)2  G2H5OH  +  OGNPO(OGH3)2; 

ognpo(ogh3)2  +  gh30ii  -*ch30gonhpo(ogh3)2 

The  most  active  systemic  insecticide  of  the  urethanphosphoric  esters  was  the  dimethyl  ester  of  isopropyl- 
urethan-N -phosphoric  acid,  whose  activity  was  several  times  greater  than  that  of  K-20-35.* 

EXPERIMENTA  L 

Preparation  of  K-20-35  by  Scheme  (I).  Stage  I.  Preparation  of  Methyl  Trichlorophosphazocarbonate.  Into 
a  weighed,  two-liter,  round -bottomed  and  three-necked  flask  fitted  with  a  stirrer,  thermometer  and  outlet  tube 
attached  to  an  HCl  trap  was  placed  1  mole  of  powdered  methyl  urethan  and  1  mole  of  powdered  PCI5:  the  mix¬ 
ture  was  shaken  vigorously  until  it  became  a  homogeneous,  semiliquid  mass  (about  5  minutes).  The  stirrer  was 
then  started  and  2  moles  of  methyl  urethan  and  2  moles  of  PCI5  added.  After  5  minutes  another  2  moles  of  methyl 
urethan  and  another  2  moles  of  PCI5  were  added.  At  this,  HCl  was  evolved  vigorously  and  the  temperature  of  the 
mixture  fell  to  -25*.  To  accelerate  the  process,  the  flask  was  Immersed  in  a  water  bath  heated  to  35-40*  and 
then  the  heating  controlled  so  that  the  temperature  of  the  mixture  was  close  to  +5*  (the  thermometer  bulb  had 
to  be  immersed  in  the  reaction  mixturel)  and  did  not  exceed  +10*.  To  accelerate  the  removal  of  HCl,  a  vacuum 
line  was  attached  to  the  trap.  After  40-45  minutes,  the  evolution  of  HCl  slowed.  The  reaction  was  complete 
when  all  the  lumps  of  PCI5  and  methyl  urethan  had  dissolved  completely  (about  1  hour)  and  when  the  weight  of 
the  product  was  not  more  than  20  g  above  the  weight  of  5  moles  of  methyl  trichlorophosphazocarbonate.  At  atmos 
pheric  pressure,  methyl  trichlorophosphazocarbonate  retained  a  considerable  amount  of  HCl  (about  15*70  of  its 
weight)  in  a  dissolved  state.  The  whole  of  the  process  required  1.5-2  hours. 

Methyl  trichlorophosphazocarbonate  was  a  colorless  liquid  with  a  sharp  odor  and  was  similar  to  glycerol 
in  appearance:  it  could  be  stored  for  many  days  in  the  absence  of  moisture  at  a  temperature  below  10*.  At  a 
temperature  above  22*  it  decomposed  violently  to  methyl  chloride  and  the  acid  chloride  of  isocyanatophosphoric 
acid  and  this  could  lead  to  an  explosion.  Therefore,  during  the  synthesis  and  storage  the  temperature  of  the  sub¬ 
stance  was  not  allowed  to  rise  above  10*  and  superheated  spots  were  avoided.  Vessels  with  methyl  trichlorophos¬ 
phazocarbonate  were  always  kept  in  an  ice  bath,  whose  level  had  to  be  above  the  level  of  the  substance  in  the 
vessel.  The  product  could  not  be  stored  in  cold  cupboards  (cooled  with  air)  since  this  could  readily  lead  to  super¬ 
heated  spots.  When  these  rules  were  obeyed  strictly,  the  preparation  of  5  moles  of  methyl  trichlorophosphazocar¬ 
bonate  in  one  batch  did  not  present  any  danger. 

Other  esters  of  trichlorophosphazocarbonic  acid  were  prepared  by  this  method  in  0.1 -1.0  mole  amounts  in 
one  batch  (see  Table  1). 


•According  to  the  experiments  of  G.  A.  Efimov  in  the  Insecticide  Chemistry  Laboratory  of  the  Institute  of 
Organic  Chemistry  of  the  Academy  of  Sciences,  Ukrainian  SSR. 
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Stage  IL  Into  a  5-liter,  three-necked,  round -bottomed  flask  fitted  with  a  stirrer,  thermometer  and  dropping 
funnel  was  placed  3  liters  of  methanol  and  with  vigorous  stirring  and  cooling  5  moles  of  methyl  trichlorophos- 
phazocarbonate  was  added  in  15-20  ml  portions  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  re¬ 
mained  at  about  +5*  (but  not  above  +10*).  The  reaction  proceeded  violently  with  the  strong  evolution  of  heat. 

With  efficient  cooling  [-15  -(-20*)]  the  addition  of  methyl  trichlorophosphazocarbonate  required  2-3  hours  and 
then  the  reaction  mixture  was  heated  to  20*  and  left  at  room  temperature  with  the  precaution  that  the  tempera¬ 
ture  in  the  liquid  did  not  rise  above  25*.  After  an  hour  the  solution  was  evaporated  in  a  water-pump  vacuum 
with  a  receiver  cooled  to  -15*  and  the  solution  on  a  water  bath  heated  to  25*.  The  methyl  alcohol  condensed 
in  the  receiver  and  the  methyl  chloride  passed  into  the  pump.  After  30  minutes,  when  the  methyl  chloride  had 
been  removed  completely,  the  evaporation  was  continued  in  an  oil-pump  vacuum  (at  a  pressure  of  not  more 
than  15  mm)  with  the  receiver  cooled  to  -15*.  The  air  in  the  capillary  was  passed  through  a  column  with  P2O5. 
Methanol  containing  4-5%  HCl  distilled  at  first  and  then  the  concentration  of  HCl  in  the  methanol  distilled 
gradually  increased.  The  distillation  of  the  methyl  chloride,  methanol  and  hydrogen  chloride  should  be  com¬ 
pleted  in  3-4  hours.  If  the  distillation  required  a  longer  time  then  the  yield  was  noticeably  reduced.  With  a 
vacuum  of  15  mm,  the  temperature  of  the  water  bath  could  be  raised  to  40*  at  first,  but  toward  the  end  of  the 
distillation  the  temperature  of  the  bath  had  to  be  no  higher  than  30*.  If  the  distillation  could  not  be  completed 
in  3-4  hours  in  one  flask,  then  the  solution  was  divided  into  3-4  portions  and  evaporated  simultaneously  in  3-4 
flasks.  The  methanol  distillates  containing  HCl,  were  recovered  by  rectification,  then  neutralized  with  a  methanol 
solution  of  ammonia,  the  NH4CI  removed  by  filtration  and  the  methanol  distilled.  When  the  evaporation  was  com¬ 
plete,  the  colorless,  sirupy  residue  gradually  changed  into  a  solid  crystalline  mass,  which  was  dissolved  in  500  ml 
of  methanol  and  a  15%  methanol  solution  of  ammonia  added  to  the  solution  until  the  acid  reaction  to  congo  dis¬ 
appeared.  The  more  carefully  the  evaporation  was  carried  out,  the  smaller  the  amount  of  HCl  and  acid  side- 
products  that  remained  in  solution,  the  less  the  ammonia  required  for  their  neutralization  and  the  higher  the  yield. 
It  was  satisfactory  if  150  ml  of  15%  NHj  in  methanol  was  required  for  the  neutralization.  Excess  ammonia  had 
to  be  avoided  as  it  reacted  with  K-20-35. 

The  neutralized  solution  was  evaporated  in  vacuum  (15  mm,  bath  temperature  30-40*  and  receiver  tem¬ 
perature  -15*)  and  the  crystalline  residue  (yield  about  95%,  m.p.  66-71"  —  the  melt  was  not  clear  and  contained 
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about  15*^  of  impurities)  was  treated  with  2  liters  of  dichloroethane  in  which  K-20-35  was  readily  soluble  and 
the  side  products  (after  neutralization  with  ammonia)  were  insoluble.  The  residue  was  removed  by  filtration 
and  washed  with  dichloroethane  and  the  filtrate  evaporated  in  vacuum  at  30-40*.  The  residue  was  K-20-35  in 
about  80^  yield  and  had  m.p.  63-64*  (clear  melt). 

Thermal  Decomposition  of  Trichlorophosphazocarbonic  Esters.  0.1  mole  of  methyl  trichlorophosphazo- 
carbonate  was  heated  at  a  rate  of  0.6-0. 7*  per  minute  in  a  round-bottomed  flask  connected  to  a  trap  cooled  to 
-75*.  We  obtained  about  90%  of  methyl  chloride  (b.p.  -22  to  -23*)  and  96%  of  the  diacid  chloride  of  isobyanato- 
phosphoric  acid  (b.p.  45-46*  at  20  mm).  The  other  esters  were  decomposed  in  the  same  way  (Table  1). 

Preparation  of  Urethan-N -phosphoric  Esters  From  the  Diacid  Chlorides  of  Urethan-N- phosphoric  Acids 
^nd  Alcoholates.  A  solution  of  0.1  mole  of  the  diacid  chloride  of  urethan-N -phosphoric  acid  in  30  ml  of  ben¬ 
zene  was  added  with  vigorous  stirring  and  cooling  to  a  solution  of  0.2  mole  of  sodium  alcoholate  in  2  mole  of 
the  corresponding  alcohol  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  exceed  +10*.  The 
reaction  proceeded  vigorously  and  a  precipitate  of  NaCl  formed.  Stirring  was  continued  for  2-3  hours  at  room 
temperature,  the  solvent  removed  in  vacuum  at  30-40*,  the  residue  treated  with  100-150  ml  of  benzene,  the 
NaCl  removed  by  filtration  and  the  filtrate  evaporated  in  vacuum  at  30-40*.  Esters  of  urethan-N -phosphoric 
acids  remained  (Table  3). 

Thermal  decomposition  of  dimethyl  ethylurethan-N-phosphoric  acid  was  carried  out  under  the  conditions 
described  previously  [6].  The  yield  of  dimethyl  isocyanatophosphate  was  about  80%.  The  product  was  identi¬ 
fied  by  conversion  to  K-20-35  by  the  action  of  methanol. 

SUMMARY 

1.  The  dimethyl  ester  of  methylurethan-N -phosphoric  acid  (preparation  ’'Kiev-20-35")  was  obtained 
directly  from  methyl  trichlorophosphazocarbonate  (in  about  80%  yield)  and  throu^  the  diacid  chloride  of 
methylurethan-N -phosphoric  acid  (in  about  76%  yield). 

2.  Some  esters  of  trichlorophosphazocarbonic  acid  were  prepared  and  a  method  was  developed  for  con¬ 
verting  them  to  the  diacid  chlorides  of  urethan-N -phosphoric  acids  by  the  action  of  water. 

3.  The  temperature  of  the  thermal  decomposition  of  trichlorophosphazocarbonic  esters  to  alkyl  halides 
and  diacid  chlorides  of  isocyanatophosphoric  acid  depended  on  the  nature  of  the  alkyl.  With  an  increase  in  the 
molecular  weight  of  the  alkyl  the  decomposition  temperature  increased.  Esters  with  iso -alkyls  decomposed  at 
lower  temperatures  than  their  isomers  with  normal-alkyls. 

4.  A  series  of  urethan-N -phosphoric  esters  was  prepared  and  some  of  them  were  found  to  be  active  systemic 
insecticides,  which  were  not  toxic  to  warm-blooded  animals. 
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REACTION  OF  PHOSPHORUS  PENT  A  C  H  LORIDE  WITH  DIACID  CHLORIDES 
AND  DIESTERS  OF  A  R  Y  LS  U  LFON  A  MID  OPHOS  PHORIC  ACIDS 


E.  S.  Levchenko,  I.  N.  Zhmurova  and  A.  V.  Kirsanov 
Institute  of  Organic  Chemistry  Academy  of  Sciences  Ukrainian  SSR 


By  the  action  of  water  or  formic  acid,  alkyl  and  aryl  trichlorophos[^azosulfones  of  the  type  RSOj^N  =  PCl3 
are  readily  converted  into  diacld  chlorides  of  the  corresponding  alkyl-  and  arylsulfonamidophosphoric  acids 
[1]  by  the  scheme 


RS02N=PCl3+  H2O  — ^  HCl  4-  RSO2NHPOGI2 

It  seemed  interesting  to  determine  whether  it  was  possible  to  accomplish  the  reverse  conversion,  i.e.,to 
obtain  the  corresponding  trlchlorophosphazo  compounds  from  the  diacid  chlorides  of  arylsulfonamidophosphoric 
acids: 


RSO2NHPOCI24-  PClj  HGl  4-  POGI34-  RS02N=PGl3  (I) 

Experiments  showed  that  reaction  (I)  proceeded  readily  with  diacid  chlorides  of  o-,  m-  and  p-nltrophenyl- 
sulfonamidophosphoric  acids  at  130-136*  for  10-15  minutes  with  yields  of  from  47  to  80%  and  for  the  phenyl 
ester  of  the  N-(dichlorophosphinyl)-monoamide  of  p-benzenedisulfonic  acid  at  116-120*  for  20-25  minutes  with 
49%  yield.  The  reaction  proceeded  somewhat  more  slowly  in  carbon  tetrachloride  solution  at  the  boiling  point. 

In  all  cases  the  reaction  was  accompanied  by  the  formation  of  side  products  which  were  pale  yellow,  uncrystal- 
lizable  liquids,  whose  nature  has  not  been  determined  as  yet.  The  reaction  of  phosphorus  pentachloride  with  the 
potassium  salts  of  the  dlacid  chlorides  of  nitrophenylsulfonamidophosphoric  acids  proceeded  with  approximately 
the  same  yields. 

The  corresponding  trichlorophosphazo  compounds  were  not  formed  by  the  action  of  phosphorus  pentachloride 
on  the  diacid  chlorides  of  phenyl-o-,and  p-tolyl-  and  p-chlorophenylsulfonamidophosphoric  acids.  Thus, reac¬ 
tion  (I)  apparently  proceeds  only  for  diacid  chlorides  of  arylsulfonamidophosphoric  acids  with  second  order  sub¬ 
stituents  in  the  nucleus  regardless  of  their  position  with  respect  to  the  S02NHPC)Cl2  group.  Judging  by  the  yields 
of  nitrophenyl  trichlorophosphazosulfones  (ortho  81,  meta  47  and  para  57%),  the  effect  of  a  substituent  of  the 
second  order,  which  promotes  reaction  (I),  is  transmitted  by  electromeric  and  inductive  means  (cf.  [2]). 

Diphenyl  esters  of  arylsulfonamidophosphoric  acids  reacted  with  phosphorus  pentachloride  readily  and  in 
good  yield  regardless  of  the  nature  of  the  substituents  in  the  aromatic  nucleus  and  formed  the  corresponding  aryl 
diphenoxychlorophosphazosulfones  by  the  scheme 

ArS02Nin'0(OG„Il5)o4- f’CIs  IIGI  | 

4-  POGI34-  ArS02N=PGl(0G„H5)2 


The  aryl  diphenoxychlorophosphazosulfones  were  low-melting,  colorless,  crystalline  substances  (cf.  [3]), 
which  dissolved  readily  in  benzene,  acetone  and  dioxane,  with  more  difficulty  in  carbon  tetrachloride  and  were 
insoluble  in  ligroin.  The  aryl  diphenoxychlorophosphazosulfones  were  insoluble  in  ether  with  the  exception  of 
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Aryl  Dlphenoxychlorophosphazosulfones  of  the  Type  (CgHjO)^  ClP  =  NS02Ar 
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(III).  The  yields,  melting  points,  external  appearance 
and  analytical  data  of  the  aryl  diphenoxychlorophos- 
phazosulfones  are  given  in  the  table. 

Aryl  diphenoxychlorophosphazosulfones  were 
slowly  hydrolyzed  by  water  with  the  formation  of 
diphenyl  esters  of  arylsulfonamidophosphoric  acids.  In 
the  presence  of  phenolphthalein  they  titrated  to  two 
equivalents.  The  structure  of  the  aryl  diphenoxychloro- 
phosphazosulfones  was  proved  strictly  by  the  fact  that 
they  could  be  converted  in  high  yields  into  the  cor¬ 
responding  aryl  triphenoxyphosphazosulfones,  which 
were  identified  by  mixed  melting  points.  In  addition, 

(H)  was  found  to  be  identical  with  phenyl  diphenoxy- 
chlorophosphazosulfone,  which  was  obtained  previously 
by  the  action  of  the  sodium  salt  of  the  N-chloroamide 
of  benzenesulfonic  acid  on  the  acid  chloride  of  diphenyl 
phosphite  [4]. 

The  phenyl  ester  of  the  N-(dichlorophosphinyl- 
(monoamide  of  p-benzenedisulfonic  acid  was  obtained 
by  the  action  of  formic  acid  (cf.  [1])  on  the  phenyl 
ester  of  p-trichlorophosphazosulfonobenzenesulfonic 
acid,  which  was  synthesized  by  the  action  of  phosphorus 
pentachioride  on  the  phenyl  ester  of  the  monoamide  of 
p-benzenedisulfonic  acid;  the  latter  was  obtained  by 
the  action  of  sodium  phenolate  on  the  recently  described 
monoacid  chloride  of  the  monoamide  of  p-benzenedi¬ 
sulfonic  acid  [5]. 

EXPERIMENTAL 

Reaction  of  Phosphorus  Pentachioride  on  the  Di7 
acid  Chlorides  of  Nitroarylsulfonamidophosphoric  Acids. 

A  mixture  of  0.03  mole  of  the  diacid  chloride  of  the 
nitroarylsulfonamidophosphoric  acid,  0.0315  mole  of 
PCI5  and  5  ml  of  CCI4  was  boiled  under  reflux  on  an 
oil  bath  until  the  evolution  of  HCl  ceased  (30-40  min¬ 
utes).  The  solvent,  POCI3  and  excess  PCls  were  re¬ 
moved  in  vacuum  at  80-90“.  The  residue  was  a  clear, 
pale  yellow  liquid,  which  partially  crystallized  on 
cooling.  The  side  product  was  a  light  yellow  liquid, 
which  was  readily  separated  from  the  crystalline  nitro- 
phenyl  trichlorophosphazosulfones  by  washing  with  a 
small  amount  of  ether.  Yields:  o-nitrophenyl  trichloro- 
phosphazosulfone  81%,  m.p.  69-71*;  m -isomer  47%, 
m.p.  72-73“;  p-isomer  57%,  m.p.  115-117“.  The  products 
were  identified  by  mixed  melting  points  with  authentic 
nitrophenyl  trichlorophosphazosulfones  [6]. 

The  reaction  could  be  carried  out  without  solvent. 
In  this  case  the  mixture  of  diacid  chloride  of  nitroaryl¬ 
sulfonamidophosphoric  acid  and  PCI5  was  heated  on  an 
oil  bath  at  130-135“  until  the  evolution  of  HCl  ceased 
(10-15  minutes).  The  subsequent  processing  and  yields 
were  the  same. 
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Reaction  of  Potassium  Salt  of  Diacid  Chloride  of  p>Nitrophenylsulfonamidophosphoric  Acid  With  Phosphorus 
Pentachloride.  A  mixture  of  0.02  mole  of  the  potassium  salt  of  the  diacid  chloride  of  p-nitrophenylsulfonamido- 
phosphoric  acid  [7]  and  0.021  mole  of  PCI5  was  heated  on  an  oil  bath  at  130-135*  until  the  evolution  of  HCl 
ceased  (15-20  minutes),  the  POCI3  removed  in  vacuum  at  80*.  the  residue  treated  with  benzene,  the  NaCl removed 
by  filtration  and  the  benzene  removed  in  vacuum  at  50*.  The  residue  was  a  clear,  li^t  yellow  liquid,  which 
crystallized  on  cooling.  The  side-reaction  products  were  washed  out  with  a  small  amount  of  ether.  The  yield 
of  p-nitrop^enyl  trichlorophosphazosulfone  was  57%  and  the  m.p.  115-117*.  The  product  was  identifiedf  by  a 
mixed  melting  point. 

Reaction  of  Phosphorus  Pentachloride  With  the  Phenyl  Ester  of  the  N-(dichlorophosphinyl)-monoamide  of 
p-Benzenedisulfonlc  Acid.  A  mixture  of  0.011  mole  of  PCI5  and  0.01  mole  of  the  phenyl  ester  of  the  N-(dichloro- 
phosj^inyl)- monoamide  of  p-benzenedisulfonic  acid  was  heated  on  an  oil  bath  at  115-120*  until  the  evolution 
of  HCl  ceased  and  this  required  20-25  minutes.  The  excess  PCI3  and  POCI3  were  removed  in  vacuum  at  60-70*. 
The  residue  was  a  light  yellow,  viscous  liquid,  which  slowly  crystallized  when  seeded  and  changed  into  a  semi¬ 
solid  mixture  of  colorless  crystals  and  a  yellow  oil.  To  remove  the  oily  side  products  5  ml  of  CCI4  was  added, 
the  mixture  stirred  carefully  and  the  crystalline  phenyl  ester  of  p-trichlorophosphazosulfonobenzenesulfonic  acid 
collected  and  washed  with  5  ml  of  CCl4.  The  yield  was  49%  and  the  m.p.  103-104*  and  the  product  was  identi¬ 
fied  by  a  mixed  melting  point. 

Phenyl  Ester  of  the  Monoamide  of  p-Benzenedisulfonic  Acid.  With  vigorous  stirring,  0.1  mole  of  finely 
powdered  sodium  phenolate  was  added  slowly  to  a  solution  of  0.1  mole  of  the  monoacid  chloride  of  the  mono- 
amide  of  p-benzenedisulfonic  acid  [5]  in  50  ml  of  dioxane.  The  mixture  gave  off  heat,  the  sodium  phenolate 
dissolved  and  sodium  chloride  precipitated.  After  a  day  the  mixture  was  heated  for  1  hour  on  a  boiling  water 
bath,  cooled  and  200  ml  of  water  added  to  the  thick  paste  formed.  The  precipitate  was  collected,  washed  with 
water,  dried  in  air  and  recrystallized  from  alcohol.  The  phenyl  ester  of  the  monoamide  of  p-benzenedisulfonic 
acid  formed  colorless  needles  with  m.p.  173-174*  and  the  yield  was  61%;  it  was  insoluble  in  water,  dissolved  in 
alcohol  on  heating,  with  more  difficulty  in  benzene  and  was  difficultly  soluble  in  ether. 

Found  %:  S  20.73,  20.81.  CuHuOjNSi.  Calculated  %:  S  20.47. 

Phenyl  Ester  of  p-Trichlorophosphazosulfonobenzenesulfonlc  Acid.  A  mixture  of  0.03  mole  of  the  phenyl 
ester  of  the  monoamide  of  p-benzenedisulfonic  acid  and  0.033  mole  of  PCI5  was  heated  on  an  oil  bath.  At  120* 
the  reaction  was  complete  in  30  minutes.  The  yield  of  the  crude  product  was  quantitative.  The  phenyl  ester 
of  p-trichlorophosphazosulfonobenzenesulfonic  acid  was  a  colorless,  crystalline  substance  with  m.p.  103-104*, 
which  dissolved  readily  in  ether  and  benzene  and  crystallized  from  CCI4  as  prisms. 

Found:  equiv.  after  hydrolysis  4.94,  4.89.  Ci3Hg05NS3PCl3.  Calculated:  equiv.  after  hydrolysis  5.00. 

Phenyl  Ester  of  N-(dichlorophosphinyl)-monoamide  of  p-Benzenedisulfonic  Acid.  To  a  solution  of  0.02 
mole  of  the  phenyl  ester  of  p-trichlorophosphazosulfonobenzenesulfonic  acid  in  15  ml  of  benzene  was  added 
0.02  mole  of  formic  acid.  After  4  hours  the  reaction  product  was  collected,  washed  with  benzene  and  dried  in 
vacuum.  The  yield  was  84%  and  the  m.p.  158-160*;  the  product  formed  fine,  colorless  platelets  (from  benzene), 
which  dissolved  readily  in  ether,  with  more  difficulty  in  CHCI3  and  were  difficultly  soluble  in  C^Hg,  CClg  and 
ligroin. 

Found;  equiv.  after  hydrolysis  3.97,  4.03.  CuHioOgNS3PClj.  Calculated:  equiv.  after  hydrolysis  4.00. 

Preparation  of  Aryl  Diphenoxychlorophosphazosulfones  by  the  Action  of  Phosphorus  Pentachloride  on  the 
Diphenyl  Esters  of  Arylsulfonamidophosphoric  Acids.  0.02  mole  of  the  diphenyl  ester  of  arylsulfonamidophos- 
phoric  acid  and  0.02  mole  of  PCI5  were  heated  on  an  oil  bath  at  100-110*  until  the  evolution  of  HCl  ceased 
(30-40  minutes).  The  phosphorus  oxychloride  formed  was  removed  in  vacuum.  The  residue  was  a  yellow  oil 
which  crystallized  on  cooling.  The  crystalline  mass  was  ground  with  a  small  amount  of  ether.  At  this,  the 
yellow  oily  impurities  dissolved.  The  crystalline  residue  was  collected  and  washed  with  ether.  (Ill),  which  was 
readily  soluble  in  ether,  was  washed  with  ligroin.  The  final  purification  was  by  recrystallization  (see  table). 

Conversion  of  Aryl  Diphenoxychlorophosphazosulfones  Into  Aryl  Triphenoxyphosphazosulfones.  A  mixture 
of  0.01  mole  of  aryl  diphenoxychlorophosphazosulfone,  20  ml  of  benzene  and  0.01  mole  of  sodium  phenolate 
was  boiled  for  5  minutes  and  then' the  benzene  removed  in  vacuum  at  50*,  the  residue  treated  with  water  and  the 
crystalline  aryl  triphenoxyphosphazosulfone  collected,  washed  and  recrystallized. 
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In  this  way  we  obtained:  phenyl  triphenoxyphosphazosulfone,  87%  yield,  m.p.  85-86*  [3];  p-chlorophenyl 
derivative,  yield  78%,  m.p.  77-79*;  o-nltrophenyl  derivative,  yield  96%,  m.p.  78-79*;  m-nitrophenyl  derivative, 
yield  98%,  m.p.  102-104*  [6].  The  products  were  identified  by  mixed  melting  points  with  authentic  materials. 

The  p-chlorophenyl  derivatives  have  not  been  described  in  the  literature  and  therefore  they  were  synthesized 
by  the  scheme  found  previously  [3]. 

p-Chlorophenyl  Triphenoxyphosphazosulfone.  With  vigorous  stirring  0.06  mole  of  sodium  phenoUte  was 
added  to  a  solution  of  0.02  mole  of  p-chlorophenyl  trichlorophosphazosulfone  in  40  ml  of  benzene.  The  reaction 
proceeded  with  the  evolution  of  heat.  After  several  hours  the  reaction  mixture  was  treated  with  water,  the  ben¬ 
zene  layer  separated  and  dried  with  sodium  sulfate  and  the  benzene  removed  by  distillation.  The  residue  was 
an  oily  liquid,  which  rapidly  crystallized.  p-Chlorophenyl  triphenoxyphosphazosulfone  formed  colorless  prisms 
(from  a  mixture  of  benzene  and  ligroin)  with  m.p.  78-80*  in  87%  yield.  The  product  was  soluble  in  alcohol, 
ether  and  benzene  and  difficultly  soluble  in  ligroin. 

Found  %;  Cl  7.29,  7.40.  C:24Hi905NClSP.  Calculated  %:  Cl  7.10. 

Diphenyl  Ester  of  p-Chlorophenylsulfonamidophosphoric  Acid.  With  vigorous  stirring  0.3  mole  of  sodium 
phenolate  was  gradually  added  to  a  solution  of  0.1  mole  of  the  diacid  chloride  of  p-chlorophenylsulfonamido- 
phosphoric  acid  in  50  ml  of  dioxane  at  such  a  rate  that  the  reaction  mixture  boiled  gently.  Dloxane  was  removed 
in  vacuum  and  residue  treated  with  water.  The  difficultly  water-soluble  sodium  salt  of  the  diester  was  collected, 
suspended  in  water  and  decomposed  by  the  addition  of  20  ml  of  5  N  HCl.  After  10-15  minutes  the  precipitate  was 
collected,  washed  with  water,  dried  and  recrystallized.  The  diphenyl  ester  of  p-chlorophenylsulfonamldophos- 
phoric  acid  formed  colorless  platelets  (from  alcohol)  with  m.p.  168-170*  in  90%  yield.  It  was  soluble  in  acetone, 
hot  alcohol  and  benzene  and  insoluble  in  ligroin,  CCI4  and  ether. 

Found  %:  Cl  8.35,  8.38.  CigHijOgNClSP.  Calculated  %:  Cl  8.38. 

SUMMARY 

1.  The  action  of  phosphorus  pentachloride  on  the  diacid  chlorides  of  o-,  m-  and  p-nitrophenylsulfonamido- 
phosphoric  acids  and  the  phenyl  ester  of  the  N-(dichlorophosphinyl)-monoamide  of  p-benzenedisulfonic  acid 
yielded  the  conesponding  trichlorophosphazo  compounds. 

2.  The  corresponding  aryl  trichlorophosphazosulfones  were  not  formed  by  the  action  of  phosphorus  penta¬ 
chloride  on  the  diacid  chlcnrides  of  arylsulfonamidophosphoric  acids  whose  molecules  did  not  contain  substituents 
of  the  second  order  in  the  aromatic  nucleus. 

3.  The  action  of  phosphorus  pentachloride  on  the  diphenyl  esters  of  arylsulfonamidophosphoric  acids 
yielded  aryl  diphenoxychlorophosphazosulfones  regardless  of  the  nature  and  the  position  of  the  substituents  in  the 
aromatic  ring  of  the  sulfonic  acid. 
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INVESTIGATION  IN  THE  FIELD  OF  TRIAZINE  DERIVATIVES 


I.  SOME  SUBSTANTIVE  TRIAZINE  AZO  DYES 

V.  I.  Mur 

Institute  of  Organic  Intermediates  and  Dyes 


In  1922-1923  [1]  the  capacity  of  2,4,6-trihalotrlazlnes,  In  particular  cyanuric  chloride,  to  undergo  step- 
wise  replacement  of  the  halogen  atoms  by  residues  from  primary  and  secondary  amines  and  amlnoazo  compounds 
was  discovered.  Due  to  this  cyanuric  chloride  became  widely  used  in  the  synthesis  of  various  classes  of  dyes  and 
in  the  case  of  direct  azo  dyes,  it  was  used  as  a  "chromophoric  block"  for  connecting  Identical  or  different  amino - 
azo  compounds  [2].  When  two  azo  dyes  are  connected  by  a  trlazlne  ring  Into  one  molecule  a  single  chromo- 
phorlc  system  is  not  produced;  the  Isolated  chromophorlc  systems  forming  the  one  molecule  show  additivity  In 
light-absorption  phenomena.  Due  to  this  it  became  possible  to  synthesize  substantive  green  azo  dyes,  which  were 
obtainable  by  stepwise  condensation  of  cyanuric  chloride  with  yellow  and  blue  amlnoazo  compounds  [3].  It  Is 
possible  to  use  other  trlazlne  derivatives,  in  particular  methyl-  and  phenyldlchlorotriazlnes,  as  "chromophorlc 
blocks”  in  the  synthesis  of  such  dyes  [4].  There  are  no  data  in  the  literature  on  the  use  of  o-  and  p-methoxy- 
and  o-hydroxyphenyldichlorotriazlnes  in  the  synthesis  of  azo  dyes. 

It  seemed  interesting  to  us  to  syntheses  trlazlne  green  azo  dyes  formed  from  the  same  blue  and  yellow 
components  but  differing  in  the  nature  of  the  third,  colorless  component  attached  to  the  trlazlne  ring  and  to 
follow  the  effect  of  the  latter  on  the  color  of  the  dyes  obtained.  It  was  to  be  expected  that  the  nature  of  the 
colorless  component  would  not  affect  the  color  of  the  whole  system  (In  the  visible  region  of  the  spectrum)  if  the 
trlazlne  ring  completely  Isolated  the  chromophorlc  systems  attached  to  It.  Incidentally,  it  was  also  interesting 
to  follow  the  effect  of  the  nature  of  substituents  in  the  trlazlne  ring  on  the  lability  of  the  halogens  attached  to  it. 

To  elucidate  the  problems  given,  we  synthesized  green  azo  dyes  based  on  cyanuric  chloride  (with  one 
chlorine  atom  replaced  by  an  aniline  residue),  2-phenyl -4 ,6-dichloro-l, 3, 5-triazine  and  derivatives  of  the  latter 
with  o-  and  p-methoxy  and  o-hydroxy  substituents  in  the  phenyl  nucleus.  In  all  cases  the  blue  component  used 
was  the  amlnodlsazo  dye  of  the  composition  (H-acld  -♦  cresldlne  H-acid)  and  the  yellow  component 

was  p-amlnobenzeneazosallcylic  acid. 

The  cyanuric  dye  (I)  was  obtained  normally  [5]  by  condensation  of  cyanuric  chloride  with  the  blue  com¬ 
ponent,  then  with  the  yellow  and  finally  with  aniline.  The  other  dyes  (II)  —(V)  were  obtained  by  condensing 
the  amlnoazo  compounds  with  phenyldichlorotriazlne  and  p-  and  o-methoxy-  and  o-hydroxyphenyldlchlorotri- 
azlnes,  respectively.  The  dyes  investigated  were  purified  as  their  sodium  salts  by  reprecipitation  with  sodium 
chloride  from  a  dilute  aqueous  solution  at  80*  and  their  individuality  was  established  chromatographlcally  (the 
presence  of  sodium  chloride  was  permissible);  the  dye  content  of  the  substance  was  determined  by  reduction  with 
vanadium  sulfate. 

The  starting  phenyldichlorotriazlne  and  its  p-  and  o-methoxy  derivatives  were  obtained  according  to 
literature  data  [6]  according  to  the  scheme:  dicyandlamlde  -*•  aroyldicyandlamlde  -+  aroylbluret  -+  aryl- 
dihydroxytrlazlne  aryldlchlorotrlazine.  o-Hydroxyphenyldlchlorotrlazlne  was  obtained  by  hydrolysis  of 
o-methoxyphenyldlchlorotrlazine  with  hydrogen  bromide  and  subsequent  replacement  of  the  bromine  attached  to 
the  trlazlne  ring  by  chlorine  by  the  action  of  hydrogen  chloride  [7]. 


TABLE  1  • 


Dye 

^max.(nip) 

£  .  i0-‘ 

^  max.  (nip) 

£  .  )0-* 

(I) 

- 

385 

4.8 

610 

4.2 

'll) 

1 

4.8 

I 

4.1 

(III) 

(IV) 

(V) 

1  395 

4.7 

4.6 

1  620 
i 

4.4 

4.3 

1 

4.8 

] 

4.3 

♦The  accuracy  with  which  the  optical  density  was  determined  was 

±3lo. 


To  determine  the  effect  of  the  composition  of  the  dyes 
investigated  on  their  color,  their  aqueous  solutions  were  examined 
spectrophotometrically  at  pH  6-6.5  and  a  molar  concentration 
close  to  2.6*  10"®.  The  results  of  the  experiments  are  illustrated 
by  the  data  presented  in  Table  1. 

The  data  presented  show  that  dyes  with  a  phenyl  directly 
attached  to  the  triazine  ring  show  a  light*«bsorption  maximum 
in  a  somewhat  deeper  region  of  the  spectrum  than  dyes  with  the 
phenyl  attached  to  the  triazine  through  an  imino  group;  the 
molar  extinctions  of  the  dyes  were  similar.  Methoxy  and  hydroxy 
groups  in  the  ortho-  or  para -positions  of  the  phenyl  nucleus 
directly  attached  to  the  triazine  ring  had  no  noticeable  effect  on 
the  color.  * 

During  the  synthesis  of  dyes  (II),  (IE),  (IV)  and  (V)  it  was  noted  that  the  condensation  of  the  aminoazo 
compounds  used  with  the  p-  and  o-methoxy  derivatives  of  phenyldlchlorotriazine  proceeded  somewhat  more 
slowly  than  with  the  latter;  the  o-hydroxy  derivative  reacted  considerably  more  slowly.  The  data  obtained  (see 
Table  2)  led  to  the  conclusion  that  in  aryldichlorotriazines  the  lability  of  the  chlorine  atoms  depended  on  the 
nature  of  the  substituents  in  the  ortho-  or  para -positions  of  the  phenyl;  nucleophilic  substituents  suppressed  it. 

EXPERIMENTAL 

2-Phenyl -4 ,6-dichloro-l,3,5-triazine  was  synthesized  from  dicyandiamide  by  the  scheme  presented  above. 
Benzoylation  of  dicyandiamide,  conversion  of  benzoyldicyandiamide  into  benzoylbluret  and  cyclization  of  the 
latter  into  phenyldihydroxytriazlne  were  carried  out  under  the  conditions  of  paper  [9],  When  dicyandiamide 
was  reacted  with  benzoyl  chloride  in  a  dioxane  —  water  medium  [10]  with  the  other  conditions  the  same  as  in 
the  benzoylation  in  an  aqueous  acetone  medium,  a  lower  yield  was  obtained;  the  benzoylation  product  could 
not  be  isolated  with  cellosolve  —  water  and  acetone  —  water  media.  The  hydroxyl  in  phenyldihydroxytriazine 
was  replaced  by  chlorine  by  reaction  with  phosphorus  pentachloride  in  phosphorus  oxychloride  [6],  phosphorus 
trichloride,  thionyl  chloride  or  chlorobenzene  and  with  phosphorus  trichloride  and  chlorine  in  chlorobenzene. 

Into  a  boiling  mixture  (reflux  condenser)  of  13  g  of  phenyldihydroxytriazine  (beginning  to  melt  at  273*), 
20.8  g  of  phosphorus  trichloride  and  45  ml  of  chlorobenzene  was  passed  dry  chlorine  until  the  suspension  changed 
to  a  solution  and  this  required  about  2  hours.  When  the  chlorine  had  been  flushed  out  and  the  solvent  and  a 
small  amount  of  phosphorus  chlorides  removed  in  vacuum,  the  substance  obtained  was  treated  at  0”  with  a  mix¬ 
ture  of  ice  and  water  until  the  acid  reaction  to  congo  disappeared.  The  weight  of  the  substance,  dried  at  50-60*, 
was  12  g  and  the  m.p.  115-120*  (the  fused  substance  was  not  quite  clear).  Recrystallization  from  ligroin  (b.p. 


TABLE  2 


Dye 

Duration  of  reaction 
(in  hours) 

stage  1 

stage  2 

(II) 

24 

.30 

(III) 

26 

34 

(IV) 

32 

40 

(V) 

46 

54 

•In  a  series  of  vat  triazine  dyes,  a  hypsochromlc  effect  was  observed  from  a  hydroxyl  in  the  ortho-position  of 
a  phenyl  directly  attached  to  the  triazine  ring  [8]. 
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90-110*)  yielded  8.3  g(63.2f^)  of  a  substance  with  m.p.  118-119*.  According  to  literature  data,  2-phenyl-4,6- 
dlchloro-l,3,5-trlazine  has  m.p.  119-120*  [11]. 

p-  and  o-Methoxyphenyldichlorotriazines  were  obtained  analogously. 

2-(4'-Methoxyphenyl)-4,6-dlchloro-l,3,5-triazlne  formed  colorless  needles  with  m.p.  132-133*.  Cl 
content  in  %  found  27.7;  calculated  27.8. 

2-(2*-Methoxyphenyl)-4,6-dichloro-l,3,5-triazlne  formed  colorless  needles  with  m.p.  139-140*.  Cl 
content  in  %  found  27.5;  calculated  27.8.  According  to  literature  data  [8]  the  m.p.  is  136*. 

2-<2*-Hydroxyphenyl)-4,6-dlchloro-l,3,5-trlazlne  [7].  Dry  hydrogen  bromide  (prepared  in  the  usual  way 
by  the  action  of  bromine  on  anthracene  at  room  temperature  and  then  purified  by  passage  through  a  mixture  of 
asbestos  and  anthracene  followed  by  asbestos  and  phosphorus  pentoxide)  was  passed  for  8-10  hours  at  150*  into 
a  solution  of  3.2  g  of  o-methoxyphenyldichlorotriazine  in  32  g  of  polychlorides  (b.p.  160-180*)  and  then  dry 
hydrogen  chloride  was  passed  for  a  period  of  2  hours.  Filtration  to  remove  a  small  amount  of  impurities  and 
removal  of  the  polychlorides  in  vacuum  yielded  about  3  g  of  crude  product.  After  recrystallization  from  a  mix¬ 
ture  of  ligroin  (b.p.  90-110*)  and  chlorobenzene,  the  substance  melted  at  153-154.5*;  according  to  literature 
data,  2-(2’-hydroxyphenyl)-4,6-dichloro-l,3,5-triazine,  recrystallized  from  methylcyclohexane,  has  m.p.  155* 
[7]. 

Dye  (II).  A  solution  of  1.13  g  of  phenyldichlorotriazine  (m.p.  118-119*)  in  20  ml  of  acetone  was  added 
at  40*  with  stirring  to  a  solution  of  5.02  g  of  1007o  aminodisazo  dye*  and  150  ml  of  water  and  the  reaction  was 
carried  at  pH  6-6.5  with  1  N  sodium  carbonate  solution  added  as  required.  The  interaction  lasted  for  24  hours 
and  5  ml  of  sodium  carbonate  solution  was  used.  Then  (when  the  pH  of  the  medium  no  longer  changed)  to  the 
reaction  mixture  was  added  a  solution  of  1.4  g  of  lOO^o  p-aminobenzeneazosalicylic  acid*  *  in  35  ml  of  water, 
the  mixture  heated  to  boiling  (80*)  and  the  reaction  carried  out  at  this  temperature  with  the  pH  kept  at  6-6.5 
by  the  gradual  addition  of  1  N  sodium  carbonate  solution.  The  reaction  lasted  for  30  hours  and  the  consumption 
of  soda  was  5  ml.  Then  50  g  of  sodium  chloride  was  added  to  the  reaction  mixture  and  the  small  amount  of 
impurities  removed  by  filtration.  To  hydrolyze  the  O-benzenesulfonic  ester  of  the  dye,  1  g  of  sodium  hydroxide 
in  2.5  ml  of  water  was  added  to  the  filtrate,  the  solution  heated  on  a  boiling  water  bath  for  4  hours  and  the  pre¬ 
cipitated  dye  collected  and  purified  by  reprecipitation  from  aqueous  solution.  When  developed  on  paper  with 
water,  the  dye  obtained  gave  a  homogeneous  chromatogram.  The  yield  of  1007o  dye  (in  the  purified  preparation) 
was  4.3  g  (65‘7o). 

Dyes  (III)  ~(V)  were  obtained  under  analogous  conditions.  Data  on  the  times  of  interaction  of  the  amlno- 
azo  compounds  with  the  aryldichlorotriazines  are  given  in  Table  2. 

The  light  absorption  of  aqueous  solutions  of  the  dyes  was  determined  on  an  SF-4  spectrophotometer.*  *  * 

SUMMARY 

1.  Green  azo  dyes  based  on  2-(4'-  and  2'-methoxy-  and  2*-hydroxyphenyl)-4,6-dichloro-l,3,5-triazines, 
which  are  not  described  in  the  literature,  were  synthesized;  the  dyes  were  characterized  by  the  light  "absorption 
spectrum  in  the  visible  region. 

2.  On  the  example  of  the  dyes  listed  and  their  analogs  based  on  2-phenyl -4,6-dichloro-l, 3, 5-triazine 
and  cyanuric  chloride  with  the  third  chlorine  atom  in  the  latter  replaced  by  an  aniline  residue  it  was  shown  that 
an  imino  group  between  the  triazine  and  the  phenyl  had  a  small  hypsochromic  effect.  Methoxy  and  hydroxy 
groups  in  the  ortho-  and  para-positions  of  the  phenyl  directly  attached  to  the  triazine  did  not  have  a  noticeable 
effect  on  the  color,  but  suppressed  the  lability  of  the  chlorine  atoms  in  these  triazine  derivatives. 


*We  used  the  Na  salt  of  the  aminodisazo  dye  with  the  composition:  O-benzoylsulfonic  ester  of  H-acld  -+ 
cresidine  H-acid.  The  dye  was  purified  by  three  reprecipitations  with  sodium  chloride  from  aqueoussolu- 

tion.  It  was  established  chromatographically  that  organic  impurities  were  absent.  The  dye  content  of  the  sub¬ 
stance  was  determined  by  reduction  with  vanadium  sulfate. 

*  *  We  used  the  Na  salt  of  the  dye  which  had  been  recrystallized  from  water;  the  dye  was  obtained  by  coupling 
diazotized  aceto-p-phenylenediamine  with  salicylic  acid  and  then  hydrolysizing  the  acetyl  group. 

*  *  *The  determination  was  carried  out  by  Z.  E.  Panfilova  and  I.  A.  Alatyrtseva. 
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REACTION  OF  SULFUR  CHLORIDE  WITH  1  ,2  .4  -  T  RIC  H  LOROB  E  N  Z  E  NE 
O.  M.  Cherntsov  and  V.  I.  Mur 

K.  E.  Voroshilov  Scientific  Research  Institute  of  Organic  Intermediates  and  Dyes 


The  action  of  sulfur  chloride  on  aromatic  halogen  derivatives  has  been  studied  little.  Information  on  the 
capacity  of  sulfur  chloride  to  interact  with  these  compounds  is  limited  to  two  patents  where  the  reactions  with 
1,2,3-  and  1,2 ,4 -trichlorobenzenes  and  2,4-dichlorotoluene  are  described  [1].  These  reactions  proceeded  in  the 
presence  of  anhydrous  fenic  chloride  and  led  to  the  formation  of  disulfides,  which  could  be  reduced  with  zinc 
dust  in  an  aqueous  alcohol  solution  of  sodium  hydroxide  to  give  the  corresponding  halogen-substituted  thiophenols. 

Wishing  to  study  this  reaction  more  closely,  we  investigated  the  action  of  sulfur  chloride  on  1,2 ,4 -trichloro¬ 
benzene.  The  latter  was  chosen  as  the  subject  of  the  investigation  since  the  expected  product  of  subsequent  re¬ 
duction  of  the  sulfurized  trichlorobenzene  (trichlorothiophenol)  was  of  practical  interest  as  a  potential  plasticizer 
of  synthetic  rubbers  and  an  activator  for  the  regeneration  of  rubber  from  vulcanizates. 

An  investigation  of  the  behavior  of  sulfur  chloride  toward  1,2 ,4 -trichlorobenzene  showed  that  in  the  absence 
of  catalytic  agents,  these  substances  did  not  react  even  on  prolonged  heating  at  the  boiling  point.  However,  in 
accordance  with  the  data  of  the  patents  mentioned  above,  the  same  substances  reacted  vigorously  in  the  presence 
of  ferric  chloride.  We  established  that  it  was  possible  to  use  in  this  reaction  metallic  iron  (evidently  converted 
into  ferric  chloride  under  the  reaction  conditions)  in  the  form  of  a  powder,  filings  or  the  so-called  iron  sponge. 

The  reaction  was  accompanied  by  evolution  of  hydrogen  chloride,  which  became  noticeable  (in  the  presence  of 
iron)  at  even  35-40*,  proceeded  very  vigorously  at  50-55*  and  was  complete  after  5-6  hours;  raising  the  tempera¬ 
ture  to  70-80*  caused  considerable  tar  formation  in  the  reaction  product. 

If  1,2 ,4 -trichlorobenzene  was  treated  with  sulfur  chloride  alone  (in  the  presence  of  iron),  then  the  reaction 
product  formed  was  a  difficultly  separable  mixture  of  disulfide,  trisulfide  and  monosulfide.  A  practically  homo¬ 
geneous  product,  namely  hexachlorodiphenyl  trisulfide  (with  a  small  amount  of  monosulfide),  was  obtained  by 
treating  1,2 ,4 -trichlorobenzene  with  sulfur  chloride  and  elementary  sulfur  in  amounts  corresponding  to  the  reac¬ 
tion  equation. 


20^11303  -\-  S2CI2  -f-  S  — — ►  (01^^2^13)253  2HC1 

Under  these  conditions,  the  yield  of  trisulfide  was  almost  quantitative.  As  a  result  of  side  reactions, 
small  amounts  of  1,2,4,5-tetrachlorobenzene  were  formed  together  with  the  main  product. 

On  the  basis  of  the  general  rules  of  substituent  orientation  in  the  benzene  nucleus,  the  trisulfide  formed 
and  also  the  di-  and  monosulfides  we  described  below  could  be  ascribed  the  structure  of  2,4,5,2',4',5'-hexa- 
chloro  derivatives.  We  propose  to  return  to  the  problem  of  the  direct  proof  of  the  structure  we  accepted  for 
these  compounds  in  another  communication. 

The  method  of  sulfurizing  1,2,4-trichlorobenzene  to  2,4,5,2',4’,5'-hexachlorodlphenyl  trisulfide  was  con¬ 
siderably  simplified  while  the  qualitative  and  quantitative  results  remained  the  same  by  preparing  the  sulfur 
chloride  required  for  the  reaction  from  sulfur  and  chlorine  directly  in  the  trichlorobenzene  itself,  when  in  accord¬ 
ance  with  the  reaction  equation  presented  above,  sufficient  chlorine  to  chlorinate  2/3  of  all  the  sulfur  was  intro¬ 
duced  into  a  suspension  of  sulfur  in  trichlorobenzene. 
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The  formation  of  the  sulfur  chloride  could  also  be  combined  with  simultaneous  sulfurization  by  introducing 
the  calculated  amount  of  chlorine  into  a  solution  or  suspension  of  sulfur  in  trichlorobenzene  with  iron  added. 
However  this  melthod  of  sulfurizing  trichlorobenzene  to  hexachlorodiphenyl  trisulfide  was  less  convenient. 

The  preparation  of  2,4,5,2',4',5'-hexachlorodiphenyl  trisulfide  by  the  action  of  sulfur  chloride  and  ele¬ 
mentary  sulfur  on  1,2 ,4 -trichlorobenzene  is  an  interesting  example  of  the  ready  formation  of  trisulfides.  On 
investigating  the  properties  of  this  trisulfide,  we  observed  that  one  sulfur  atom  in  the  molecule  was  rea^lily  elim¬ 
inated.  Thus,  for  example,  nonprolonged  boiling  of  the  trisulfide  in  sodium  sulfite  solution  formed  2,4,5,2',4',5- 
hexachlorodiphenyl  disulfide  (m.p.  142-143*)  with  the  simultaneous  conversion  of  the  sulfite  to  thiosulfate. 

Caustic  alkalis  like  sodium  hydroxide  reacted  similarly  but  in  this  case  the  alkali  sulfide  formed  reduced  the 
disulfide  obtained  to  2,4,5-trichlorothlophenol;  this  conversion  may  be  expressed  by  the  following  equations: 


3(CflH2Cl3)2S3 -f- 6NaOII  — *•  3(C8ll2Cl3)2S2 -j- Na2S03 -)- 2Na2b 3H2O, 

(C([H2Cl3)2S3 -J- N®2S03  — (03112013)282  “I"  N  828203, 

4(03112013)282  +  fiNaOH  -1-  2Na28  80BH20l38Na  +  Nn28203  -f-  aHjO 

2(08112013)283  +  6N11OH  40eH20l3SNa  +  Na2S203  -f  3H2O 

The  examination  of  conditions  for  sulfurizing  1,2 ,4 -trichlorobenzene  to  2,4 ,5,2', 4', 5’ -hexachlorodiphenyl 
trisulfide  and  the  behavior  of  the  latter  towards  alkali  sulfites  and  caustic  alkalis  led  us  to  an  extremely  simple 
method  for  preparing  2,4,5-trichlorothiophenol  consisting  of  treating  the  reaction  mass  formed  by  sulfurization 
of  1,2 ,4 -trichlorobenzene  with  sodium  hydroxide  solution  and  simultaneously  steam  distilling  the  excess  tri¬ 
chlorobenzene  and  then  liberating  the  2,4,5-trichlorothiophenol  from  the  residual  solution  of  trichlorothiophenolate 
with  sulfur  dioxide  [2]. 

Completely  pure  and  dry  2,4,5-trichlorothiophenol  was  quite  a  stable  compound  and  was  oxidized  only 
slowly  by  the  action  of  air  to  form  the  disulfide.  This  oxidation  proceeded  very  noticeably  in  alkaline  solution 
and  more  rapidly  under  the  action  of  oxidants  (iodine  or  sodium  hypochlorite).  The  action  of  the  latter  on  2,4,5- 
trichlorothiophenol  in  the  presence  of  excess  diethylamine  formed  2,4,5-trichlorobenzenesulfendiethylamide,  an 
oily,  liquid  substance,  which  could  be  distilled  in  vacuum  without  decomposition.  Trichlorobenzenesulfendiethyl- 
amide  could  be  obtained  from  2,4,5,2',4’,5’-hexachlorodiphenyl  disulfide  by  the  same  method. 

In  the  presence  of  traces  of  organic  solvents  (for  example  alcohol)  or  moisture,  2,4,5-trichlorothiophenol 
reacted  readily  with  finely  divided  sulfur.  This  reaction,  which  was  accompanied  by  the  evolution  of  hydrogen 
sulfide,  proceeded  even  at  normal  temperature  and  led  to  the  formation  of  2,4,5,2’,4',5'-hexachlorodiphenyl 
trisulfide. 


EXPERIMENTA  L 

2,4,5,2',4’,5'-Hexachlorodiphenyl  Trisulfide  (I).  Into  a  suspension  of  4.8  g  of  sulfur  in  36.3  g  of  dry  1,2,4- 
trichlorobenzene  (solid,  pt. 15-16®,  b.p.  212.5-214"),  heated  to  75-80®,  was  passed  gaseous  chlorine  until  the^ 
increase  in  weight  was  3. 5-3. 6  g  and  then  the  reaction  mass  temperature  was  reduced  to  50®,  0.1  g  of  powdered 
iron  was  added  and  the  sulfurization  carried  out  with  continuous  stirring  at  50-55®  until  the  evolution  of  hydrogen 
chloride  ceased  (after  5-6  hours).  The  excess  trichlorobenzene  (together  with  a  small  amount  of  1,2,4,5-tetra- 
chlorobenzene,  m.p.  138-140®)  was  then  steam  distilled,  the  residual  viscous  mass  extracted  with  120-150  ml  of 
benzene,  the  solution  obtained  (separated  from  water)  decolorized  by  boiling  with  active  charcoal  and  (I)  isolated 
by  dilution  of  the  benzene  solution  with  an  equal  volume  of  alcohol.  The  crude  (I)  was  purified  by  recrystalliza¬ 
tion  from  a  mixture  of  the  same  solvents.  The  yield  of  (I)  was  22  g  (96%  calculated  on  the  sulfur  chloride). 

Found  %:  Cl  46.09;  S  20.85.  CX2H4S3CI6.  Calculated  %:  Cl  46.11;  S  21.01. 

The  white,  microscopic  crystals  of  irregular  form  had  m.p.  163-164*.  They  were  soluble  in  benzene, 
chlorobenzene  and  chloroform  and  very  slightly  soluble  in  ethyl  and  methyl  alcohols. 

When  a  solution  of  (I)  in  benzene,  chlorobenzene  or  trichlorobenzene  was  boiled  with  an  aqueous  solution 
of  sodium  sulfite,  the  trisulfide  was  converted  into  2,4,5,2',4',5’-hexachlorodiphenyl  disulfide  (II);  the  action 
of  sodium  hydroxide  under  the  same  conditions  led  to  the  formation  of  2,4,5-trichlorothiophenol  (III). 
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2,4,5,2',4',5'-Hexachloiodlphenyl  Disulfide  (II).  A  solution  of  2  g  of  (I)  (m.p.  163-164*)  in  25-30  ml 
of  chlorobenzene  was  boiled  and  stirred  for  1  hour  with  50  ml  of  a  \(fJo  solution  of  crystalline  sodium  sulfite, 
the  solvent  removed  by  steam  distillation  and  the  residual  solid  product  recrystallized  from  a  mixture  of  ben¬ 
zene  and  alcohol.  The  yield  of  (II)  was  1.8  g  (96.5%).  The  conversion  of  (I)  into  (II)  could  be  accomplished 
by  the  same  method  without  the  use  of  solvent,  but  in  this  case  it  required  a  somewhat  longer  time. 

Found  %;  S  15.43.  CuH4S,Cl,.  Calculated  %:  S  15.29. 

The  almost  colorless  scales  had  m.p.  142-143*  (from  a  mixture  of  chlorobenzene  and  alcohol).  (II)  was 
readily  soluble  in  benzene,  toluene  and  chlorobenzene,  difficultly  soluble  in  hot  alcohol  and  insoluble  in  water. 
When  treated  with  sodium  sulfide  and  hydroxide,  (II)  was  reduced  to  (III). 

2.4.5- Trichlorothiophenol  (III),  a)  From  1,2,4  -trichlorobenzene.  Trichlorobenzene  was  sulfurized  under 
the  conditions  given  above  in  the  description  of  the  preparation  of  (I).  The  reaction  mixture  obtained  was 
poured  into  a  solution  of  8-10  g  of  sodium  hydroxide  in  80  ml  of  water  and  the  excess  trichlorobenzene  removed 
by  steam  distillation.  During  the  distillation  of  the  trichlorobenzene,  (I)  was  reduced  to  (III),  which  dissolved 
in  the  form  of  trichlorothiophenolate.  The  solution  of  the  latter  was  cooled  to  room  temperature  and  filtered 
free  from  the  insoluble  precipitate  of  monosulfide,  100-120  ml  of  benzene  added  to  the  filtrate  and  (III)  liberated 
by  passing  a  stream  of  sulfur  dioxide  into  the  solution  of  trichlorothiophenolate  with  stirring.  The  (III)  formed 
dissolved  in  benzene.  Removal  of  the  latter  yielded  17-17.5  g(82%)  of  pure  (III). 

Found  %:  Cl  49.56;  S  14.89.  M  214.4.  CjHjSCl,.  Calculated  %:  Cl  49.86;  S  15.02.  M  213.5. 

The  fine  white  needles  had  m.p.  112-113*  (from  aqueous  alcohol)  and  b.p.  153-154*  (17  mm)  (in  a  nitro¬ 
gen  atmosphere).  The  product  distilled  in  the  form  of  long,  lustrous  needles,  which  were  somewhat  volatile  in 
ordinary  steam  and  distilled  in  superheated  steam  (170-180*).  The  substance  was  readily  soluble  in  methyl  and 
ethyl  alcohols,  aromatic  hydrocarbons,  chlorobenzene,  trichlorobenzene  and  in  aqueous  solutions  of  alkali  hy¬ 
droxides  and  carbonates;  it  was  very  slightly  soluble  in  water. 

Action  of  Sulfur.  A  finely  ground  mixture  of  2  g  of  trichlorothiophenol  and  0.1  g  of  sulfur  was  moistened 
with  several  drops  of  alcohol  in  a  beaker  and  left  for  several  days  at  room  temperature.  The  unchanged  tri¬ 
chlorothiophenol  was  extracted  by  gently  heating  the  mass  with  10%  sodium  carbonate  solution  and  the  insoluble 
residue  recrystallized  from  a  mixture  of  benzene  and  alcohol.  The  substance  obtained  (m.p.  163-164*)  was 
identical  with  (I)  obtained  by  sulfurization  of  1,2 ,4 -trichlorobenzene  (mixed  melting  point  163-164*). 

b)  From  2,4,5,2’,4’,5’-hexachlorodiphenyl  disulfide  (II).  18.9  g  of  (II)  (m.p.  142-143*)  was  dissolved  in  a 
boiling  solution  of  5.5  g  of  NajS  •  9H|0  and  2.8  g  of  NaOH  in  100  ml  of  water.  The  cooled  solution  was  filtered 
and  (III)  isolated  from  the  filtrate  by  the  method  given  In  experiment  "a".  We  obtained  about  17  g  (89.5%)  of  a 
substance  with  m.p.  112-113*,  identical  with  (III)  obtained  by  the  action  of  sodium  hydroxide  on  (II)  (mixed 
melting  point  112-113*). 

2.4.5- Trichlorobenzenesulfendiethylamide  (IV).  a)  From  2,4 ,5 -trichlorothiophenol  (HI).  A  mixture  of 
125  ml  of  diethylamine  and  70  ml  of  water  was  added  at  45-50*  to  an  aqueous  suspension  of  49  g  of  (III)  (m.p. 
112-113*)  In  70-80  ml  of  water.  With  stirring,  105-110  ml  of  sodium  hypochlorite  solution  (160-165  g  of  active 
chlorine  per  liter),  which  corresponded  to  approximately  17  g  of  active  chlorine,  was  gradually  added  at  35-40* 
to  the  solution  formed.  During  this  operation  a  white  flocculent  precipitate  was  observed  in  the  reaction  liquid 
and  this  then  changed  into  drops  of  an  orange-yellow  oil.  The  end  of  the  reaction  was  determined  by  removing 
a  1-2  ml  sample  from  the  aqueous  layer  and  acidifying  it  with  dilute  hydrochloric  acid;  when  unreacted  (III) 
was  present  in  the  solution,  a  precipitate  formed  (in  this  case  a  further  small  amount  of  hypochlorite  was  added 
to  the  reaction  mixture).  After  the  oxidation,  70-80  ml  of  water  was  added  to  the  reaction  mixture  and  the  oily 
reaction  product  was  separated,  washed  with  water  (2  x  loo  ml)  and  dried  in  vacuum  at  50-55*  (10-15  mm).  The 
dried  product  weighed  54-55  g.  For  purification  it  was  vacuum  distilled  and  a  fraction  with  b.p.  143-147*  (4  mm) 
collected;  a  second  distillation  yielded  44-44.5  g  of  pure  (IV)  (67-68%)  with  b.p.  146-146.5*,  (4  mm). 

Found  %:  C  42.38;  H  4.29;  Cl  37.17;  S  11.15;  N  4.85.  CioHuNSCls.  Calculated  %:  C  42.20;  H  4.25; 

Cl  37.38;  S  11.27;  N  4.92. 

The  orange-yellow  oil  was  stable  under  normal  conditions  and  decomposed  slowly  only  when  boiled  with 
dilute  mineral  acids.  It  was  soluble  in  the  usual  organic  solvents  and  insoluble  in  water. 


2238 


b)  From  2,4,5,2',4',5'-hexachlorod(phenyl  disulfide  (II).  With  stirring,  a  suspension  of  42.5  g  of  (II)  in 
70-80  ml  of  water  was  treated  at  45-50*  with  a  mixture  of  105  ml  of  diethylamine  and  70  ml  of  water.  The 
oxidation  was  then  carried  out  under  the  conditions  of  the  previous  example  by  the  addition  of  an  amount  of 
sodium  hypochlorite  corresponding  to  8. 5-8. 6  g  of  active  chlorine  to  the  solution  obtained.  Purification  of  the 
product  isolated  by  vacuum  distillation  yielded  a  substance  with  b.p.  146-146.5*  (4  mm),  which  was  identical 
with  (IV)  obtained  from  (III). 

2,4,5,2’,4',5'-Hexachlorodlphenyl  Monosulfide  (V).  This  substance  was  formed  in  very  small  ambunts  in 
the  sulfurization  of  1,2 ,4 -trichlorobenzene  with  sulfur  chloride  in  the  experiments  described  above  and  isolated 
in  the  form  of  an  insoluble  precipitate  in  the  reduction  of  (I)  to  (III).  (V)  was  purified  by  precipitation  with 
alcohol  from  a  chlorobenzene  solution.  Purification  yielded  0.6-0.7  g  of  (V)  (about  3.5%  calculated  on  the 
sulfur  chloride). 

Found  %:  C  36.70;  H  0.96;  Cl  54.04.  CUH4SCI,.  Calculated  %:  C  36.60;  H  1.02;  Cl  54.20. 

The  white  crystalline  substance  had  m.p.  147-148*.  It  was  soluble  in  benzene,  toluene,  chloroform  and 
chlorobenzene,  very  slightly  soluble  in  methyl  and  ethyl  alcohols  and  insoluble  in  water. 

SUMMARY 

1.  The  conditions  for  reaction  of  1,2 ,4 -trichlorobenzene  with  sulfur  chloride  were  investigated.  It  was 
establbhed  that  these  substances  reacted  at  35-55*  in  the  presence  of  iron  salts.  In  the  presence  of  these  catalysts, 
the  reaction  proceeded  in  practically  one  direction  with  the  formation  of  2,4,5,2',4',5'-hexachlorodiphenyl  tii- 
sulfide  by  the  combined  action  of  sulfur  chloride  and  elementary  sulfur  on  1,2 ,4 -trichlorobenzene. 

2.  A  simple  method  was  developed  for  preparing  2,4,5-trichlorothiophenol.  based  on  the  reaction  of 
2,4,5.2',4*,5'-hexachlorodiphenyl  trisulfide  with  caustic  alkalis. 

3.  Some  of  the  properties  of  2,4,5,2’,4',5'-hexachlotodiphenyl  tri-,  di-  and  monosulfides  and  2,4,5-tri¬ 
chlorothiophenol  are  described. 
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CONVERSION  OF  BENZYL  ALCOHOL  ON  GUMBRINE 


I.  N.  Samsonova  and  N.  N.  Moshina 
Leningrad  State  University 

The  catalytic  dehydration  of  benzyl  alcohol  was  investigated  in  a  series  of  works  published  previously. 

The  dehydrating  agents  used  were  sulfuric  acid  [1-5]  and  its  salts  [6,  7],  boric  anhydride  [8],  phosphoric  acid 
[9],  chlorides  [9,  10]  and  Chasov  Yar  clay  [11].  According  to  literature  data  the  main  products  of  the  catalytic 
conversions  of  benzyl  alcohol  are  dibenzyl  ether  and  a  tarry  hydrocarbon  with  the  composition  (CyH()x. 

In  the  present  work  an  investigation  was  made  of  the  conversion  of  benzyl  alcohol  over  gumbrine  activated 
with  hydrochloric  acid. 

The  effect  of  temperature  and  heating  time  on  thz  yield  of  reaction  products  was  studied  (figure).  With 
heating  for  one  and  a  half  hours,  the  alcohol  was  converted  to  a  considerable  extent  even  at  50*  though  the 
yield  of  ether-soluble  reaction  products  was  still  insignificant.  At  75*  the  conversion  of  benzyl  alcohol  Increased 
sharply,  exceeding  50%.  The  yield  of  ether-soluble  products  was  then  27.1%  (calculated  on  the  original  alcohol). 
When  the  heating  temperature  was  raised  to  100*  the  conversion  of  benzyl  alcohol  continued  to  Increase  while 
the  amount  of  ether-soluble  products  hardly  changed  (28.5%  calculated  on  the  original  alcohol).  More  than  90% 
of  the  benzyl  alcohol  was  converted  at  105*  while  the  yield  of  ether-soluble  products  decreased  somewhat.  The 
noncorrespondence  between  the  degree  of  conversion  of  the  benzyl  alcohol  and  the  amount  of  ether-soluble 
products  formed  was  connected  with  the  formation  of  ether-insoluble  tars  which  deposited  on  the  catalyst. 

Increasing  the  heating  time  from  1.5  to  3  hours  (at  100*)  led  to  almost  complete  conversion  of  the  alcohol 
(the  percent  of  unchanged  alcohol  was  1.3).  The  yield  of  ether-soluble  products  increased  to  30.9%  (calculated 
on  the  original  alcohol). 

The  product  obtained  under  the  optimal  conditions  for  the  formation  of  ether-soluble  materials  (100*  and 
a  heating  time  of  3  hours)  was  investigated.  The  following  substances  were  isolated:  dibenzyl  ether  (main  prod¬ 
uct),  toluene,  benzaldehyde,  water,  a  substance  with  the  composition  C21H21O  and  an  ether-insoluble  resin  with 
the  composition  (CjHj)^. 

The  formation  of  dibenzyl  ether  in  the  presence  of  an  active  clay  with  dehydrating  properties  was  quite 
normal;  it  was  accompanied  by  considerable  evolution  of  water. 

The  formation  of  benzaldehyde  and  toluene  could  have  proceeded  in  two  directions. 

1.  Decomposition  of  dibenzyl  ether  by  the  scheme 

CfilloClloOCllaQIIr,  --»►  C„Ilr,CI10 

The  possibility  of  this  reaction  was  demonstrated  in  the  work  of  Lachmann  [12].  We  canied  out  a  special 
experiment  on  the  decomposition  of  dibenzyl  ether  over  gumbrine  under  the  same  conditions  as  in  the  main 
experiments  with  benzyl  alcohol.  Benzaldehyde  and  toluene  were  not  detected  among  the  decomposition  products 
of  the  ether  obtained.  Consequently,the  formation  of  benzaldehyde  and  toluene  by  this  scheme  is  improbable 
under  our  conditions. 
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.  According  to  information  available  In  the  literature  [13], 
benzaldehyde  and  toluene  may  be  formed  as  a  result  of  dehydro¬ 
genation  of  benzyl  alcohol  and  subsequent  hydrogenation  of  the 
benzaldehyde  formed. 

CflHsCIIzOH  — CeUjCHO  CellsCHa  +  HjO 

In  an  experiment  In  which  benzyl  alcohol  was  heated  with 
catalyst  at  115-116*,  we  observed  considerable  evolution  of  gas, 
which  caused  the  reaction  mixture  to  swell,  and  the  mass  solidi¬ 
fied  due  to  the  rapid  formation  of  resin  deposited  on  the  catalyst. 
The  gaseous  products  contained  carbon  monoxide  and  hydrogen 
(in  the  ratio  1 : 4.5).  The  presence  of  hydrogen  In  the  gas  makes 
this  scheme  very  probable. 

From  the  high-boiling  products  of  benzyl  alcohol  conver¬ 
sion  we  also  Isolated  a  compound  .corresponding  to  the  composi¬ 
tion  C21H20O.  V.  K.  Teterln  [11]  Isolated  an  analogous  substance 
from  the  products  of  benzyl  alcohol  conversion  on  Chasov  Yar 
clay  and  assigned  it  the  structure  of  the  ether  from  benzyl  and  benzylbenzyl  alcohols. 

We  did  not  make  a  special  investigation  of  this  substance.  Finally,  the  last  product  we  isolated  from  the 
hlgh-bolllng  residue  was  a  resin  with  the  composition  where  x  =  18-20.  There  are  many  reports  In  the 

literature  on  the  formation  of  this  substance  in  various  catalytic  conversions  of  benzyl  alcohol. 

E.XPERIMENTA  L 

Benzyl  alcohol  was  heated  with  hydrochloric-acid  activated  gumbrlne  on  an  oil  bath  in  a  round -bottomed 
flask  fitted  with  a  reflux  condenser  and  a  tube  with  a  thermometer  for  controlling  the  temperature  of  the  reac¬ 
tion  mixture.  In  all  experiments  20  g  of  benzyl  alcohol  and  12  g  of  catalyst  were  taken.  After  the  heating,  the 
liquid  was  decanted  from  the  catalyst.  The  substance  remaining  on  the  catalyst  was  extracted  with  ether,  added 
to  the  main  mass  after  evaporation  of  the  ether  and  distilled  with  a  pear  fractionating  column.  The  degree  of 
conversion  of  the  benzyl  alcohol  was  determined  from  the  amount  of  the  latter  which  distilled.  To  determine 
the  optimal  conditions  for  the  formation  of  ether -soluble  products  we  studied  the  effect  of  temperature  (50,  75, 
100  and  105*)  and  heating  time  (1.5  and  3  hours)  on  the  degree  of  conversion  of  the  original  alcohol.  The 
greatest  yield  of  ether-soluble  |»oducts  was  obtained  with  three  hours  heating  at  100*.  As  a  result  of  the  investi¬ 
gation  of  the  product  obtained  under  these  conditions  (306  g),  we  isolated  the  following  substances: 

1)  Unchanged  benzyl  alcohol  (62.3  g)  with  b.p.  200-206*. 

2)  Toluene  (6.3  g)  with  b.p.  110.5-111.5*,  n*®D  1.4961,  di*®  0.8662. 

Found:  M  93.1,  95.  CgHgCHs.  Calculated:  M  92. 

3)  Benzaldehyde.  This  was  isolated  from  a  fraction  with  b.p.  118-182*  (15.5  g)  by  shaking  the  fraction 
with  sodium  bisulfite.  Heating  the  bisulfite  compound  with  dilute  hydrochloric  acid  liberated  an  oily  substance 
with  the  characteristic  odor  of  bitter  almonds.  On  standing  in  air  it  changed  into  a  crystalline  substance  with 
m.p.  121*,  corresponding  to  the  melting  point  of  benzoic  acid. 

4)  Dibenzyl  ether  (68.7  g). 

B.p.  132.5-134.5*  (6  mm),  n*®D  1.5617,  d4*®  1.0425. 

Found  %:  C  84.71;  H  7.31.  M  197.3,  201.  C14H14O.  Calculated  C  84.84;  H  7.07.  M  198. 

5)  A  substance  with  the  composition  C21H20O  and  b.p.  216-219*  (5  mm);  the  product  was  oily  and  strongly 
fluorescent. 

i^®D  1.5940,  d**®  1.0753.  Literature  data  [11]:  n*®D  1.5940,  d4*®  1.0753. 

Found‘d:  C  87.51;  H  7.18.  M  265.8,  258.4.  CjiH^oO.  Calculated  ^o;  C  87.45;  H  7.29.  M  288. 


Dependence  of  degree  of  benzyl  alco¬ 
hol  conversion  and  yield  of  ether-solu¬ 
ble  products  on  temperature  (heating 
time  1.5  hours).  1)  Unchanged  alco¬ 
hol,  2)  ether-soluble  substance  (with¬ 
out  alcohol). 
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6)  A  resin  with  the  composition  (Cy-H^hiio  (16.3  g);  b.p.  above  234*  (5  mm);  the  substance  was  a  clear, 
yellow-brown  solid.  The  substance  was  readily  soluble  in  toluene  and  precipitated  from  this  solvent  by  ether  to 
give  a  sticky,  viscid  resin.  The  resin  was  purified  by  several  reprecipitations  and  then  the  product  was  pressed 
on  a  porous  plate. 

Found  C  93.25;  H  6.52.  M  1779,  1652.  (C7H,)ii-io*  Calculated  %.  C  93.33;  H  6.56. 

SUMMARY 

1.  The  conversion  of  benzyl  alcohol  on  activated  gumbrine  clay  under  mild  conditions  was  studied. 

2.  The  reaction  products  yielded  dibenzyl  ether,  toluene,  benzaldehyde,  a  substance  with  the  composition 
C||H|0O  and  a  resin  with  the  composition  (C7H0)x. 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 
CL  OXIDATION  OF  VINYLALKYLACETYLENES  WITH  BENZOYL  HYDROPEROXIDE* 

V.  M.  Al'bltskaya,  E.  M.  Blyakhman,  A.  A.  Petrov 

and  T.  V.  Yakovleva 

Lensoviet  Technological  Institute  Leningrad 


In  a  series  of  works  by  N.  M.  Malenok  and  other  authors  [1,  2]  it  was  shown  that  in  the  oxidation  of  vinyl- 
acetylene  hydrocarbons  by  hydroperoxides,  oxygen  added  to  the  ethylene  bond  in  the  first  instance  with  the 
exclusive  formation  of  acetylene  monoxides.  Ozone  also  added  similarly  to  vinylacetylenes  [2]. 

In  this  work  quite  complicated  vinylacetylene  or  diene  hydrocarbons  were  oxidized.  The  oxidation  of  the 
simplest  vinylalkylacetylenes  was  not  investigated. 

Continuing  a  systematic  study  of  the  reactions  of  vinylalkylacetylenes,  we  undertook  experiments  on  the 
oxidation  of  two  hydrocarbons,  namely  vinylethyl-  and  vinylbutylacetylenes,  by  benzoyl  hydroperoxide.  These 
experiments  were  also  of  interest,as  in  attempts  to  obtain  pure  oxides  of  hi^er  vinylalkylacetylenes  through  the 
bromohydrins,  we  encountered  serious  difficulties:  the  low  solubility  of  the  bromohydrins  in  water  made  it  im¬ 
possible  to  free  them  from  dibromides  by  extraction  with  water. 

The  oxidation  of  the  two  hydrocarbons  yielded  acetylene  oxides.  In  its  constants,  vinyletbylacetylene 
oxide  was  found  to  be  identical  with  the  oxide  of  the  same  hydrocarbon  obtained  previously  through  the  bromo- 
hydrin  [3]. 

For  a  more  complete  identification,  the  infrared  spectra  of  the  two  samples  of  vinyletbylacetylene  oxide 
were  plotted.  Analysis  of  the  data  obtained  showed  first  of  all  that  in  both  cases  we  were  dealing  with  acetylene 
compounds.  They  did  not  absorb  in  the  region  of  1600-1680  cm"^,  which  is  characteristic  of  double  bond  fre¬ 
quencies.  The  frequency  of  the  acetylene  bond  (2250  cm“i)  was  extremely  intense,  which  may  be  explained  by 
its  conjugation  with  the  oxide  bond.  The  frequency  1250  cm"i  and  possibly  others,  for  example  1137  and  1160 
cm~i,  were  apparently  connected  with  the  presence  of  the  oxide  grouping  [4].  It  is  also  interesting  to  note  that 
the  spectra  of  both  oxide  samples  had  valence  frequencies  of  C— H  bonds,  which  usually  appear  in  the  spectra 
of  substances  with  the  CH2  =C  grouping  (3064  cm"^).  This  is  yet  another  fact  indicating  the  similarity  of  the 
oxide  grouping  to  a  double  bond  [5]. 

The  spectrum  of  the  oxide  sample  obtained  by  oxidation  of  the  hydrocarbon  differed  from  the  spectrum 
of  the  same  oxide  obtained  through  the  bromohydrin  only  in  the  presence  of  a  band  of  average  intensity  at  about 
1728  cm~i.  This  frequency  also  occurs  in  the  spectra  of  diene  oxides  obtained  by  the  same  method  [2]. 

Acetylene  compounds  frequently  absorb  at  1700  cm"i  [6];  however,  the  absence  of  a  band  in  this  region 
for  the  oxide  obtained  through  the  bromohydrin  excludes  the  possibility  of  assigning  it  to  vibrations  of  the  acety¬ 
lene  grouping.  It  evidently  belonged  to  impurities. 

The  frequency  1728  cm"i  could  be  ascribed  to  a  compound  with  the  grouping  — C  =  C-,  which  could  be 

O 

obtained  by  oxidation  of  vinyletbylacetylene.  Spectra  of  compounds  of  this  type  have  not  been  described.  How- 
•Enyne  compounds.  XXVII. 
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ever,  the  absence  of  valence  and  deformation  frequencies  of  the  vinyl  group  from  the  spectra  of  both  oxide 
samples  excludes  this  hypothesis. 

It  Is  most  likely  that  the  appearance  of  the  frequency  1728  cm~i  was  due  to  the  fact  that  the  oxide  sample 
obtained  by  oxidation  of  the  hydrocarbon  may  have  contained  traces  of  a  carbonyl  compound  with  an  unconjugated 
carbonyl  group,  formed  due  to  partial  Isomerization  of  the  oxide  during  its  formation. 

The  spectrum  of  vlnylbutylacetylene  oxide  was  similar  to  the  spectrum  of  vlnylethylacetylene.  Here, 
the  frequency  of  the  acetylene  bond  also  had  a  high  Intensity.  There  was  also  the  carbonyl  group  frequency  (1728 
cm~^).  In  addition,  the  spectrum  of  this  oxide  also  contained  the  frequencies  1669,  982  and  927  cm'l  at  a  low 
Intensity  and  these  may  be  ascribed  to  oscillations  of  the  diene  grouping.  However,  It  Is  most  probable  that  the 
frequency  1669  cm~^  pertained  to  traces  of  ketone  with  a  conjugated  carbonyl  group  or  was  an  overtone  while 
the  frequencies  982  and  927  cm~i  may  refer  to  C—C  oscillations. 

Thus,  In  the  case  of  vlnylethylacetylene.  It  may  be  stated  that  the  addition  of  oxygen  In  the  oxidation  of 
this  hydrocarbon  by  benzoyl  hydroperoxide  occurs  In  the  first  Instance  at  the  ethylene  bond  only,  while  In  the 
case  of  vlnylbutylacetylene  It  can  only  be  said  that  this  orientation  prevails. 

EXPERIMENTAL 

Benzoyl  hydroperoxide  was  prepared  by  the  usual  method  [7].  The  oxidation  was  carried  out  at  0-6*  In 
chloroform  solution.  The  course  of  the  reaction  was  followed  by  lodometrlc  titration  of  samples  from  the  reac¬ 
tion  mixture.  In  the  oxidation  of  vlnylethylacetylene,  the  reaction  was  IQPh  complete  In  one  day,  84%  In  two 
days  and  98%  In  5  days.  In  the  case  of  vlnylbutylacetylene,  92%  of  the  hydroperoxide  had  reacted  after  one  day 
and  the  reaction  was  complete  after  two  days  (99.5%  of  the  hydroperoxide  had  reacted).  The  yield  of  oxides  was 
40-45%  on  the  hydrocarbon  reacted.  In  both  cases  part  of  the  hydrocarbon  did  not  react  and  we  observed  the  for¬ 
mation  of  considerable  amounts  of  high-bolllng  tarry  products,  which  were  not  examined  more  closely. 

Vlnylethylacetylene  Oxide  (l,2,-epoxyhexyne-3). 

B.p.  66-67*  (50  mm),  140-141*  (758  mm),  ds*®  0.9181,  iiP®D  1.4520,  MRd  28.26;  calc.  27.36. 

Found  %;  C  74.98,  75.20;  H  8.70,  8.85.  C,H,0.  Calculated  %:  C  74.97;  H  8.38. 

IR -Spectrum:*  787  s,  855  v.s.,  938  s,  994  av.,  1025  w,  1060  w,  1137  s,  1166  s,  1250  s,  1319  s,  1378  v.s., 

1435  av.,  1461  s,  1565  w,  1728  av.,  2249  s,  2854  av.,  2885  s,  2919  s,  2944  s,  2981  v.s.,  3063  av.  cm"^ 

The  same  oxide  obtained  from  the  bromohydrln  had  the  constants  [3]:  b.p.  140-141*,  di*®  0.9182,  i^*D 
1.4530. 

The  infrared  spectrum  differed  from  that  given  above  only  In  the  absence  of  the  frequency  1728  cm~i. 

Vlnylbutylacetylene  Oxide  (l,2-epoxyoctyne-3). 

B.p.  80-80.5*  (20  mm),  d**®  0.8960,  i^®D  1.4550,  MR^  37.60;  calc.  36.59. 

Found  %:  C  77.27,  77.94;  H  9.89,  10.12.  C,Hi,0.  Calculated  %:  C  77.38;  H  9.74. 

K-Spectrum:  727  av.,  749  av.,  790  s,  848  s,  870  s,  885  s,  927  av.,  961  s,  973  av.,  982  s,  995  av.,  1028 
w,  1047  w,  1054  w,  1069  w,  1105  av.,  1136  s,  1164  s,  1250  s,  1301  av.,  1329  av.,  1378  v.s.,  1433  s,  1464  v.s., 

1572  w,  1669  av.,  1728  av.,  2204  w,  2248  s,  2738  w,  2868  s,  3676  s,  293^8  v.s.,  2964  v.s.,  3064  av  cm-^. 


SUMMARY 

1.  The  order  of  the  oxidation  of  vlnylalkylacetylenes  by  benzoyl  hydroperoxide  was  investigated  on  the 
example  of  vinylethyl-  and  vinylbutylacetylenes. 

2.  It  was  shown  that  the  formation  of  the  first  oxide  ring  occurred  exclusively  or  almost  exclusively  at 
the  double  bond. 

3.  Vlnylbutylacetylene  oxide  Is  described  for  the  first  time. 


•The  Infrared  spectra  were  plotted  on  an  IKS-14  apparatus  with  an  NaCl  prism  In  the  region  up  to  1900  cm-i 
and  then  with  an  LIF  prism.  The  layer  thickness  was  0.032  mm. 
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Infrared  transmlulon  spectra.  1)  Vinylethylacetylene  oxide  obtained  by  oxidation  of  hy*^ 
drocarbon;  2)  the  same  oxide  obtained  through  the  bromohydrln;  3)  vlnylbutylacetylene 
oxide. 

4.  Certain  phenomena  In  the  Infrared  spectra  of  the  acetylene  oxides  were  analyzed. 
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The  hydration  of  acetylene  and  its  derivatives  has  been  the  subject  of  many  investigations  wltn  the  use  of 
homogeneous  and  heterogeneous  catalysts  [1-3].  The  hydration  of  vinylacetylene  hydrocarbons  has  mainly  been 
studied  on  the  example  of  vinylacetylene  and  its  homologs  with  a  terminal  acetylene  grouping,  when  in  all 
cases  the  oxygen  was  added  to  the  second  carbon  of  the  acetylene  grouping:  vinylacetylene  gave  methyl  vinyl 
ketone  [4,  5],  isopropenylacetylene  gave  methyl  isopropenyl  ketone  [6,  7]  and  6-tert  -butylvinylacetylene  gave 
4,4-dlmethyl-3-methenepentanone-2  [8]. 

In  recent  years,  considerable  attention  has  also  been  given  to  the  hydration  of  divinylacetylene  compounds 
leading  to  the  formation  of  various  dienones,  from  which  physiologically  active  compounds  could  be  obtained 
[9].  A  peculiarity  of  the  hydration  of  divinylacetylenes  is  the  formation  of  ketones  with  a  carbonyl  group  at  the 
most  substituted  unsaturated  radical  [9, 10]. 

We  carried  out  experiments  on  the  hydration  of  four  vinylalkylacetylenes  (vinylmethyl-,  vinylethyl-, 
vinylpropyl-  and  vinylbutylacetylenes)  in  the  presence  of  mercuric  sulfate.  In  each  case  one  might  have  expected 
the  formation  of  three  isomeric  ketones  differing  sharply  in  constants. 


R— C=C— CH=CH2 


R—CHa— C-Cn=CH2 

IL 

(I) 

0 

R_C-CH2-Cn=CH2 

(H) 

II 

0 

R— G— CH=CH— CHg 

(III) 

In  actual  fact  we  obtained  predominantly  alkyl  propenyl  ketones  (III)  with  some  alkyl  allyl  ketones  (II). 

The  structure  of  the  ketones  was  demonstrated  by  comparison  of  their  constants  and  infrared  spectra  with  literature 
data  and  also  by  studying  the  saturated  ketones  formed  when  they  were  hydrogenated. 

The  constants  and  infrared  spectra  of  the  methyl  propenyl,  ethyl  propenyl  and  propyl  propenyl  ketones  we 
obtained  were  extremely  close  to  those  reported  for  these  compounds  in  the  literature  [11,  12],  All  the  spectra 
contained  an  intense  frequency  in  the  region  of  970  cm“i  (the  — CH  =CH—  grouping);  compounds  with  a  vinyl 
grouping  were  only  present  in  small  amounts  (a  weak  band  at  6110  cm-i  was  found). 

Hydrogenation  of  all  the  hydration  products  over  Pd/CaCOj  gave  predominantly  alkyl  propyl  ketones,  which 
are  described  in  the  literature  [12]. 

The  hydration  of  vinylalkylacetylenes  apparently  proceeds  by  a  1,2-addition  scheme  at  the  acetylene  bond 
with  the  formation  of  alkyl  allyl  ketones,  which  isomerize  in  an  acid  medium  to  alkyl  propenyl  ketones  [13]. 

We  consider  the  addition  of  water  in  the  l,4-p)osition,  which  leads  to  the  same  result,  improbable. 

•Enyne  compounds.  XXVIII. 
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It  should  be  noted  that  the  rate  of  water  addition 
decreased  with  an  increase  in  the  hydrocarbon  radical. 
This  forced  us  to  use  heating  in  carrying  out  the  reaction 
with  vlnylpropylacetylene. 

Comparison  of  the  data  of  this  article  with  the 
previously  described  results  of  experiments  on  the  addi¬ 
tion  of  water  to  vlnylalkylacetylenes  over  heterogeneous 
catalysts*  [3]  and  the  addition  of  alcohols  in  the  presence 
of  potassium  hydroxide  [14]  indicates  that  the  order  of 
addition  of  these  nucleophilic  addends  does  not  depend 
on  the  nature  of  the  catalyst,  medium  or  reagent  and  is 
determined  by  the  structure  of  the  hydrocarbon. 

The  order  of  addition  of  water  and  alcohols  does 
not  correspond  to  the  order  of  addition  of  hydrogen  halides 
and  in  our  opinion  this  is  connected  with  differences  in 
the  mechanism  of  these  reactions.  The  addition  of  water 
only  occurs  at  the  acetylene  bond  and  has  a  nucleophilic 
character  and  in  this  case  the  most  stable  intermediate 
ion  would  be  the  anion: 

R-C  =  C— CH  — CH, 

I  V  „  ,  * 

OA  0 

The  reaction  with  hydrogen  halides  begins  with  electro¬ 
philic  attack  on  the  acetylene  bond  also  and  proceeds 
through  a  tt  -complex  and  then  through  a  cation  that  is 
most  stable  in  this  case: 


Infrared  transmission  spectra  of  hydration  prod 
ucts.  1)  Vlnylmethylacetylene,  2)  vlnylethyl- 
acetylene,  3)  vlnylpropylacetylene,  4)  vinyl- 
butylacetylene. 

EXPERIMENTA  L 

Hydration  of  Vlnylmethylacetylene.  17  g  of  hydrocarbon  was  stirred  vigorously  with  a  solution  of  6  g  of 
HgO  in  350  ml  of  11‘^ulfuric  acid  for  6  hours.  The  liquid  was  then  steam  distilled.  The  upper  layer,  consisting 
of  ketone  and  unreacted  hydrocarbon  was  separated.  The  ketone  was  salted  out  from  the  lower  layer  with  ammo¬ 
nium  sulfate.  We  obtained  7.8  g  (52%  on  the  hydrocarbon  reacted)  of  methyl  propenyl  ketone  with  b.p.  120-122*, 
d4*®  0.8583,  if®D  1.4360. 

Found  %:  C  71.18,  71.24;  H  9.59,  9.84.  CgHgO.  Calculated  %:  C  71.42;  H  9.53. 

IR-Spectrum:  798  (av),  864  (av),  949  (s.),  976  (v.s.),  1021  (av),  1104  (w),  1120  (w),  1183  (v.s.),  1257  (v.s.), 
1279  (s.),  1314  (av)  ;  1293  (s.),  1372  (v.s.),  1444  (v.s.),  1638  (v.s.),  1687  (v.s.),  cm"*  (figure,  curve  1). 

2,4-Dinitrophenylhydrazone:  m.p.  153*  (from  alcohol). 

All  these  data  are  close  to  those  presented  in  the  literature  for  the  trans-form  of  methyl  propenyl  ketone 

[15]. 

When  5.6  g  of  ketone  in  20  ml  of  methyl  alcohol  was  reduced  in  the  presence  of  8  g  of  Pd/CaCOg,  1571 
ml  (97.5%)  of  Hg  (772  mm,  18*)  was  absorbed.  The  reaction  mixture  was  decanted  from  the  catalyst,  diluted 
with  ether  and  washed  with  a  saturated  solution  of  calcium  chloride.  Removal  of  the  ether  yielded  3.7  g  of 
methyl  propyl  ketone  with  b.p.  101-102*,  d4*®  0.8091,  n*®D  1.3960.*  * 


R-CH=C  — CH  — CH2 


*The  work  was  carried  out  simultaneously  with  ours  with  a  sample  of  vinylethylacetylene  we  provided,  as  was 
stated  in  publication  [3]. 

*  *The  IR-spectrum  of  the  substance  practically  coincides  with  that  of  a  mixture  of  85%  methyl  propyl  (A)  and  15%of 
diethyl  ketone (B).  Characteristic  frequencies;  (A)  1168  and  (B)  1124  cm“l. 
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The  2,4-dlnltrophenylhydrazone  had  m.p.  141*,  which  corresponds  with  literature  data  [12], 

Hydration  of  Vinylethylacetylene.  Under  the  conditions  described  above,  30  g  of  hydrocarbon  yielded  8  g 
(38%)  of  ethyl  propenyl  ketone  with  b.p.  135-137*,  di***  0.8492,  n*®D  1.4350. 

Found  %:  C  73.62,  73.71;  H  10.30,  10.45.  C,HioO.  Calculated  %:  C  73.47;  H  10.20. 

IR-Spectrum:  929  (s.),  940’  (w.)  974  (s.),  995  (v.w.),  1043  (av.),  1105  (av.),  1136  (av.),  1202  (s.), 

1289  (w.),  1322  (w.),  1362  (s.),  1380  (s.),  1421  (s.),  1450  (s.),  1464  (s.),  1638  (s.),  1680  (v.s.),  1708  (w.)  cm"‘ 
(figure,  curve  2). 

When  3  g  of  ketone  in  15  ml  of  methanol  was  hydrogenated  in  the  presence  of  6  g  of  Pd/CaC03,  690  ml 
(94%)  of  Hj  (771  mm,  18*)  was  absorbed.  We  obtained  1.5  g  of  ethyl  propyl  ketone  with  b.p.  122-124*,  d4** 
0.8187,  1.3997. 

The  2,4-dinitrophenylhydrazone  had  m.p.  130*,  v/hich  corresponds  with  literature  data  [12]. 

Hydration  of  Vinylpropylacetylene.  Into  a  two-necked  flask  with  a  reflux  condenser  were  placed  32  g  of 
hydrocarbon  and  a  solution  of  10  g  of  HgO  in  600  ml  of  15%  sulfuric  acid  and  the  mixture  stirred  vigorously  at 
70-80*  for  6  hours.  The  mixture  was  then  treated  as  in  the  previous  experiments.  We  obtained  12  g(43%)  of 
propyl  propenyl  ketone  with  b.p.  155-157*,  0.8527,  ii?*D  1.4393. 

Found  %:  C  74.93  ,  75.28;  H  10.78,  10.53.  CtHijO.  Calculated  %:  C  75.00;  H  10.71. 

IR-Spectrum:  734  (av.),  790  (w.),  853  (w.),  867  (w.),  892  (av.),  906  (w.),  954  (av.),  972  (v.s.),  1012  (v.s.), 
1050  (s.),  1112  (V.W.),  1154  (s.),  1197  (s.),  1289  (s.),  1298  (w.),  1312  (w.),  1348  (v.w.),  1367  (av.),  1380  (s.), 

1410  (av.),  1446  (s.),  1460  (w.),  1633  (s.),  1675  (v.s.),  1692  (av.),  cm’i  (figure,  curve  3). 

8.5  g  of  ketone  in  25  ml  of  methyl  alcohol  was  reduced  in  the  presence  of  10  g  of  Pd/CaCOj.  1767  ml 
(91%)  of  (756  mm,  19*)  was  absorbed.  Distillation  yielded  5.5  g  of  dipropyl  ketone  with  b.p.  142.5-143.5*, 
d4*®  0.8267,  n*®D  1.4078,  which  corresponds  to  literature  data [12]. 

2,4-Dinitrophenylhydrazone;  m.p.  73-74*  [12]. 

Hydration  of  Vinylbutylacetylene.  Heating  36  g  of  hydrocarbon  in  700  ml  of  15%  sulfuric  acid  with  11  g 
of  HgO  yielded  9  g  (40%)  of  butyl  propenyl  ketone  with  b.p.  176-178*,  di*®  0.8515,  n*®D  1.4405. 

Found  %:  C  76.43,  76.12;  H  11.33,  11.31.  CjH^O.  Calculated  %:  C  76.19;  H  11.11. 

IR-Spectrum:  729  (w.),  790  (w.),  877  (w.),  930  (av.),  973  (v.s.),  1059  (s.),  1114  (v.w.),  1137  (w.),  1191  (s.), 
1253  (w.),  1287  (av.),  1326  (av.),  1368  (av.),  1380  (s.),  1411  (av.),  1446  (s.),  1464  (av.),  1633  (s.),  1677  (v.s.), 
1692  (v.s.),  cm"^  (figure,  curve  4). 

Reduction  of  6  g  of  unsaturated  ketone  yielded  4  g  of  propyl  butyl  ketone  with  b.p.  164-166*,  6^^  0.8159, 
i^®D  1.4145.  The  semicarbazone  had  m.p.  99-100*. 

Literature  data:  b.p.  165-168*.  Semicarbazone:  m.p.  100-101*  [16]. 

SUMMARY 

1.  The  hydration  of  vinylmethyl-,  vinylethyl-,  vinylpropyl-  and  vinylbutylacetylenes  in  the  presence  of 
mercuric  sulfate  was  studied. 

2.  It  was  shown  that  alkyl  propenyl  ketones  were  formed  predominantly  in  all  cases. 

3.  The  reverse  order  of  addition  of  water  in  comparison  with  that  of  hydrogen  halides  was  explained  by 
the  nucleophilic  character  of  the  reaction  and  the  ease  of  redistribution  of  the  electron  density  in  vinylalkyl- 
acetylene  molecules  due  to  the  effect  of  the  alkyl  groups  on  the  enyne  system. 
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y-PIPERIDONES,  y -PIPERIDOLS,  AND  THEIR  ESTERS 

I.  N.  Nazarov,. N.  S.  Prostakov,  N.  N.  Mikheeva 

and  S.  L.  Davydova 

Moscow  Institute  of  Fine  Chemical  Technology 


Continuing  work  on  the  synthesis  of  y  -piperidols  and  their  esters  —  analogs  of  {xomedol  and  isopromedol 
[11,  we  prepared  a  series  of  new  y -piper idones  through  the  alkylation  or  aclylation  of  2,5-dimethyl“4-piperIdone 
[2.  3], 


(1)  It  =  (II)  ji  =  cii,CH=CHC.H,: 

(III)  It  =  cii,cn,c,n,No,-  :  (iv)  it  =  c.h.chcooch,. 


(V)  Jt'  =  HjNO.H.-n;  (VI)  R' =  3,4,5-(CH,0),r#H,; 
(VII)  Jl'  =  P-C,ll4N:  (VIII)  R'  =  a-C,H,0: 

(IX)  It' =  Cll,<'HiN(C,H,),;  (X)  R' =  o(;ii,r,ii,. 


coir 


We  prepared  1-6 -phenylethyl-  (I),  1-y -phenylallyl-  (II),  1-6 -p-nitrophenylethyl-  (III),  1-phenylcarbo- 
methoxymethyl-  (IV),  l-(3*,4’,5*-trimethoxybenzoyl)-  (VI),  l-nicotinoyl-  (VII),  1-furoyl-  (VIII),  1-6-diethyl- 
aminopropionyl-  (DC),  and  1-carbobenzoxy-  (X)  2,5-dimethyl -4-piperidones.  l-p-Amlnobenzoyl-2,5-dimethyl- 
4-piperidone  (V)  was  obtained  by  reduction  of  the  nitro  group  of  l-p-nitrobenzoyl-2,5-dimethyl-4-piperidone, 
which  was  described  by  us  earlier  [3].  On  hydrogenolysis  of  piperidone  (X)  the  original  2,5-dimethyl-4-piperi- 
done  was  formed. 

The  synthesis  of  y  -piperidols  was  carried  out  either  through  the  reaction  of  the  corresponding  piperidones 
with  organolithium  compounds  or  through  replacement  of  the  hydrogen  of  the  secondary  amino  group  of  2,6- 
dimethyl-4-phenyl-4-piperidol  [4]  by  the  corresponding  radicals. 


<) 

H'  OH 

W  OH 

II 

\/ 

K'LI^  1  RX 

1  J— CII3 

^  1  Lric  xr 

(XI) 

K  = 

CJIj, 

It' 

-  0-('JC(',ll 

(XII) 

it  = 

Jt' 

=  «  I’tli.N; 

(XIII) 

Jt  = 

(nl,( 

It' 

---•VI.: 

(XIV) 

Jt  = 

CJI,( 

•||=<JU:,IU, 

Jt' 

=  <■.11.: 

(XV) 

It  = 

JI.N-*. 

Jt' 

=  <’.ii.. 
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l-Methyl“4-o-tolyl(XI),l-methyl-4-a-pyrldyl-  (XII),  1-0 -phenylethyl -4 -phenyl-  (XITT>,  l-y-phenyl- 
allyl-4-phenyl-  (XIV),  and  l-nlcotlnoyl-4-phenyl-  (XV)  2,5-dln)ethyl-4-piperldols  were  pri  p.urd.  On  esterifi¬ 
cation  of  the  pipcridols  by  means  of  acid  chlorides  the  following  esters  were  obtained:  l-methyl-4-o-tolyl- 
(XVI),  1-0 -phenylethyI-4-phenyI-  (XVIII),  1-y -phenylallyl-4-phenyI-  (XIX),  and  l-meiliyl-4-«-pyrtdyl- 

(XX)  2,5-dimethyl-4-piperldyl  propionates,  the  trimethoxybenzoate  (XVII)  of  the  a-,  0-,  and  )  -isomers  of 
l,2,5-trimethyI-4-phenyl-4-piperidoI  (I),  l-diethylaminoacetyI-2,5-dimethyl-4-phenyl-4-piperidyI  propionate 

(XXI) ,  and  1-0 -phenylethyI-2,5-dimethyI-4-phenyI-4-piperidyI  phenoxyacetate  (XXII). 

II'  UCOH" 

\/ 

I 

l{ 

For  pharmacological  testing,  the  following  1,2 ,5 -trimethyl -4 -piperidol  esters  were  prepared  in  the  same 
way:  the  0 -phenylmercaptoproplonate  (XXIII),  diethylaminoacetate  (XXIV),  and  N-piperidylacetate  (XXV). 
The  results  of  pharmacological  tests  of  the  compounds  obtained  will  be  published  separately. 


(XMir)  li  =  (XXIV)  jt  =  ci(,N(C,n!,>»; 

(XXV)  Jt  =  ClIjNCjlIto. 
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EX  PERIMENT A  L 

1-0  -Phenylethyl-2,5-dimethyl-4-piperidone  (I).  Twenty-five  g  of  2,5-dimethyl-4-piperidone,  36  g  of 
0 -phenylethyl  bromide,  38  g  of  calcined  potash,  and  20  ml  of  acetone  were  heated  and  stirred  in  a  water  bath 
for  15  hours.  After  the  acetone  was  distilled  off,  :he  residue  was  neutralized  with  \Slo  hydrochloric  acid  (to 
Congo).  The  water  layer  was  saturated  with  sodium  hydroxide  and  treated  with  ether.  From  the  ethereal  extract, 
after  drying,  there  was  obtained  18.3  g  of  pipericone  (I),  m.p.  72-74*  (from  benzine). 

Found  °}o:  N  6.16,  6.38.  CigHgiON.  Calculated  7o:  N  6.06. 

1-y  -Phenylallyl-2,5-dimethyl-4-piperldone  (II).  Fourteen  g  of  2,5-dlmethyl-4-plperidone,  21  g  of 
y -phenylallyT  bromide,  22.8  g  of  potash,  and  10  nd  of  acetone  were  brought  into  reaction.  The  reaction  was 
carried  out  similarly.  On  distillation  of  the  residue  from  the  ethereal  extract  of  the  basic  reaction  products, 
there  were  obtained  2  g  of  the  original  piperidone  and  13.1  g  of  piperidone  (II),  b.p.  175*  (2.5  mm). 

Found  %:  N  5.49,  5.59.  CigHjiGN  Calculated  7®:  N  5.76. 

1-0  -Nitrophenylethyl-2,5-dimethyl-4-piperidone  (III).  An  8.7  g  quantity  of  2,5-dimethyl-4 -piperidone, 

7  g  of  0 -p-nltrophenyiethyl  bromide,  14  g  of  potash,  and  8  ml  of  acetone  were  heated  in  a  water  bath  for  20 
hours.  After  the  basic  reaction  products  were  separated  out  in  the  usual  manner,  an  oily  residue  was  obtained, 
from  which  1.8  g  of  piperidone  (III),  m.p.  84-87*,  was  isolated  after  recrystallization  from  acetone. 

Found  7o:  N  10.72,  10.70.  C15H20O3N2.  Calculated  7o:  N  10.14. 

l-Phenylcarbomethoxymethyl-2,5-dlmethyl-4-piperidone  (IV).  To  8  g  of  2,5-dimethyl-4-plperidone 
and  13  g  of  methyl  bromophenylacetate  (b.p.  138-140*  at  3  mm)  was  added  a  slurry  of  16  g  of  potash  and  ace¬ 
tone.  The  mixture  was  heated  and  stirred  for  15  hours.  The  reaction  products  were  then  extracted  with  ether 
and  distilled  in  vacuo.  There  was  obtained  9  g  of  piperidone  (IV),  b.p.  162-164*  (5  mm),  m.p.  86-89*  (from 
benzine). 

Found  7>:  N  5.23,  4.89.  CicHjiOjN.  Calculated  7o:  N  5.09. 


(XVI)  u  =  CJI,. 

(xvii)  jc 

(XVIII)  Jt  r=i 

(XIX)  Jt  =  t:ii,oii~(;iic,iu. 
(XX)  Jt-Cllj. 

(XXI)  It  =  <’(»(.'n,N(r,ii,),. 
(XXII)  Jt  =  <'ll,CIl,C,IJ„ 


Jt' =  o-cii,c.ii„  Jt"  =  (’5m 

Jt'  =  <v.Hr.,  Jt"  =  :i.4.m<’h,o),(',h, 

Jl'  =  C,H,.  It"  ==<•,!  U 

Jt'  =  (VlU.  U"  =  C,1I. 

jt'r=««-<;..n,N.  Ji"  =  c,iis 
it'  =  r,iu.  Jt"  =  t',iU 

it'=.«v.H».  jt"  =  rii,o(v.n  . 
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1  -p  -  A  m  Inobenzoyl  -2 ,5  -dimethyl  -4  -plperldone  (V).  To  a  solution  of  16  g  of  l-p-nltrobenzoyl-2,6-dl“ 
methyl-4-piperldone  (m.p.  138-140*)  In  70  ml  of  ethanol,  heated  to  50*,  was  added  a  solution  of  40  g  of  stannous 
chloride  in  50  ml  of  alcohol  and  50  ml  of  concentrated  hydrochloric  acid.  After  heating  in  a  water  bath  for  6 
hours  the  alcohol  was  distilled  off  and  the  residue  treated  with  soda  and  extracted  with  benzene.  After  drying 
followed  by  distillation  of  part  of  the  benzene  there  was  obtained  13.5  g  of  piperidone  (V),  m.p.  137-140*. 

Found  N  11.28,  11.16.  Ci4Hi,O^Nt.  Calculated  N  11.38. 

Hydrochloride  of  (V)  —  m.p.  172*  (decomp.). 

Found  N  10.22,  10.35.  Cx4Hi,Oi|N,Cl.  Calculated  N  9.91. 

1  -( 3 * ,4 * ,5 * -T rlmethoxybenzoyl) -2 ,5 -dimethyl -4 -piperidone  (VI).  To  8  g  of  2,5-dimethyl-4-piperidone, 
a  solution  of  6  g  of  trimethoxybenzoyl  chloride  (m.p.  80-81*)  in  30  ml  of  benzene  was  added  with  stining  and 
ice-water  cooling.  Stirring  and  cooling  were  continued  for  2  hours.  The  separated  2,5-dtmethyl-4-pipertdone 
hydrochloride  (4.6  g)  was  filtered  out  and  the  reaction  products  fractionated  in  vacuo.  There  were  obtained 
1.3  g  of  the  original  piperidone  and  6.5  g  of  piperidone  (VI),  b.p.  220-222*  (2.5  mm);  m.p.  103-104*  (from  ether). 

Found‘d:  N  4.34,  4.31.  CitH„0^.  Calculated  “fe  N  4.36. 

l-Nicotlnoyl-2,6-dimethyl-4-piperldone  (VII).  A  41.5  g  quantity  of  2,5-dimethyl-4-piperidone,  23  g  of 
nicotinoyl  chloride  (b.p.  92-100^  at  12  mm),  and  130  ml  of  benzene  were  refluxed  for  5  hours.  After  the  benzene 
was  distilled  off,  2.5  g  of  the  original  piperidone  and  12  g  of  an  immobile  liquid  with  b.p.  202-205*  (2  mm)  were 
obtained.  From  the  latter  there  was  isolated  0.7  g  of  crystals  with  m.p.  66-67*  (from  ether),  corresponding  to  one 
of  the  stereoisomeric  forms  of  (VII). 

Found  C  67.31,  67.52;  H  6.99,  7.05.  CuHijOi^Nj.  Calculated  %:  C  67.24;  H  6.90. 

Hydrochloride  —  m.p.  154-156*  (from  alcohol). 

Found  N  9.92  ,  9.99.  CuHiTOiNjCl.  Calculated  N  9.77. 

Oxime  —  m.p.  141-144*  (from  alcohol). 

Found  N  15.88,  15.97.  CisHitO^N,  •  H|0.  Calculated*^  N  15.85. 

After  the  crystals  with  m.p.  66-67*  were  separated  out,  there  remained  a  mixture  of  stereoisomeric  piperi- 
dones  (VII);  from  the  latter  there  was  obtained  an  oxime  with  m.p.  169-170*  (from  alcohol),  obviously  corres¬ 
ponding  to  the  other  stereoisomeric  form  of  (VII). 

Found  *1^:  N  16.20,  16.28.  CiaHiTO^Nj  •  1^0.  Calculated*^  N  15.85. 

l-Furoyl-2,5-dlmethyl-4-plperldone  (VIII).  Twenty  g  of  2, 5-dimethyl -4 -piperidone,  10  g  of  furoyl 
chloride,  and  150  ml  of  benzene  were  refluxed  for  3  hours.  After  the  benzene  was  distilled  off,  the  residue  was 
heated  with  20  ml  of  acetone.  The  crystals  of  the  hydrochloride  of  the  original  piperidone,  which  separated  on 
cooling,  were  filtered  out  and  the  residue  distilled  in  vacuo.  There  was  obtained  13.4  g  of  piperidone  (VIII), 
b.p.  167-168*  (3  mm). 

Found  N  6.25,  6.22.  CuHjjOjN.  Calculated  %  N  6.33. 

Oxime  —  m.p.  168-171*. 

Found  N  11.92,  11.58.  CuHijOsN,.  Calculated  *^:  N  11.86. 

1-6  -Diethylamlnopropionyl -2 ,5 -dimethyl -4 -piperidone  (DC).  To  a  solution  of  16.5  g  of  8  -chloropropionyl 
chloride  in  100  ml  of  benzene,  cooled  with  ice  water,  was  added  33  g  of  2,5-dimethyl-4-plperidone.  The  mix¬ 
ture  was  then  refluxed  for  5  hours.  The  separated  hydrochloride  (20  g)  of  the  original  piperidone  was  filtered  out 
and  the  benzene  distilled  off.  Thirty  g  of  an  immobile  oil  remained;  15  g  of  this  product,  12.5  g  of  diethylamine, 
and  100  ml  of  benzene  were  heated  in  a  water  bath  for  5  hours.  The  diethylamine  hydrochloride  (4.6  g)  was 
filtered  out  and  the  remainder  distilled  in  vacuo.  There  was  obtained  12.2  g  of  a  substance  with  b.p.  133-136* 

(2  mm),  nF®D  1.4997.  This  in  turn  gave  the  picrate  of  piperidone  (DC).  M.p.  124*  (from  alcohol). 

Found  %  N  14.72,  14.79.  CjoHj^jNs.  Calculated  °l<n  N  14.49. 
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Hydrochloride  of  piperidone  (DC)  was  an  uncrystalllzable  oil. 

l-Carbobenzoxy-2,5-dimethyl-4-piperldone  in  50  ml  of  toluene  was  added  150  g  of  a  23^  solution  of  benzyl 
chloroformate  in  toluene.  The  mixture  was  gently  refluxed  for  4  hours.  The  toluene  solution  was  decanted  from 
the  separated  2,5>dimethyl-4-plperldone  hydrochloride.  The  toluene  was  driven  off  and  the  residue  distilled  in 
vacuo.  There  was  obtained  41  g  of  piperidone  (X).  B.p.  185-186*  (2  mm),  n**D  1.5313. 

Found  N  5.32,  5.59.  CjbHijOjN.  Calculated  N  5.36. 

A  3.5  liter  volume  of  hydrogen  was  passed  into  a  solution  of  8.8  g  of  (X)  in  100  ml  of  anhydrous  methanol 
in  the  presence  of  5  g  of  Raney  nickel.  After  removal  of  the  catalyst  and  distillation  1.2  g  of  2,5-dlmethyl-4- 
piperidone  [b.p.  78-84*  (7  mm),  ii?®D  1.4702;  picrate,  m.p.  164-165*]  and  2.3  g  of  the  original  piperidone  (X) 
were  obtained. 

1.2.5- Trimethyl-4-o-tolyl-4-piperidol  (XI).  o-Tolyllithium  was  prepared  from  5.3  g  of  lithium  and  53  g 
of  o-bromotoluene  in  300  ml  of  ether.  Sixty-six  g  of  l,2,5-trimethyl-4-plperidone  was  added  at  room  tempera¬ 
ture.  On  the  next  day  the  reaction  mixture,  which  was  cooled  with  ice  water,  was  treated  successively  with 

100  ml  of  water,  100  ml  of  hydrochloric  acid,  and  70  ml  of  concentrated  hydrochloric  acid.  After  treatment 
with  sodium  hydroxide  the  basic  reaction  products  were  extracted  from  the  aqueous  solution  with  ether,  dried, 
and  distilled  in  vacuo.  There  was  obtained  48.5  g  of  a  mixture  of  stereoisomeric  piperldols  (XI)  [b.p.  133-135* 

(2.5  mm)];  on  addition  of  benzene  to  the  latter,  26.5  g  of  crystals  with  m.p.  105-107*,  corresponding  to  one  of 
the  stereoisomeric  forms  of  piperidol  (XI),  separated  out. 

Found  %  N  6.24,  6.31.  CjbHjsON.  Calculated  %  N  6.01. 

Picrate  -  m.p.  196-197*  (from  alcohol). 

Found  N  12.36,  12.50.  Cjil^eOsNi.  Calculated  %  N  12.12. 

The  uncrystallized  remainder  (19.8  g)  obtained  after  removal  of  the  crystalline  piperidol  (XI),  was  passed 
through  a  column  containing  265  g  of  aluminum  oxide  (length  1000  cm,  diameter  1.8  cm).  The  column  was 
washed  first  with  chloroform  (220  ml)  and  then  with  methanol  (200  ml).  On  distillation  of  the  chloroform  11.7  g 
of  residue  was  obtained;  crystallization  of  the  latter  from  benzene  gave  an  additional  1.8  g  of  piperidol  (XI), 
m.p.  106-107*.  The  residue  obtained  on  distillation  of  the  methanol  was  a  noncrystallizing  ,  vitreous  mass  (6  g), 
which  gave  a  picrate  with  m.p.  208-210",  corresponding  to  the  other  stereoisomeric  form  of  piperidol  (XI). 

Found  N  12.52,  12.57.  C21H26O8N4.  Calculated  N  12.12. 

1.2.5- Trimethyl-4-a-pyridyl-4-piperidol  (XII).  Butyllithium  was  prepared  from  3.1  g  of  lithium  and  30  g 
of  butyl  bromide  in  200  ml  of  ether.  A  solution  of  35  g  of  a-bromopyridine  in  70  ml  of  ether  was  added  in  two 
portions  during  5  minutes  at  -35*.  with  vigorous  stirring.  The  stirring  was  continued  for  15  minutes,  after  which 
19.7  g  of  l,2,5-trimethyl-4-piperidone  was  added  at  -35".  The  mixture  was  stirred  for  2  hours  at  room  tempera¬ 
ture,  and  on  the  next  day  was  neutralized  with  18%  hydrochloric  acid  (to  congo).  The  basic  reaction  products 
were  separated  from  the  water  layer  in  the  usual  way  and  distilled  in  vacuo.  The  following  fractions  were  ob¬ 
tained:  1st  —48-121"  (3  mm),  10.9  g;  2nd  — 121-123*  (3  mm),  16.1  g  —  a  vitreous,  uncrystalllzable  mass.  From 
it  the  dipicrate  of  piperidol  (XII),  m.p.  176-180*  (from  alcohol),  was  obtained. 

Found  %:  N  16.88,  16.74.  CzgHjeOisNg.  Calculated  %:  N  16.51. 

1-8 -Phenylethyl-2,5-dimethyl-4-phenyl-4-piperidol  (XIII).  a)  To  the  phenyllithium  prepared  from  0.9  g 
of  lithium  and  14  g  of  bromobenzene  in  70  ml  of  ether,  cooled  with  ice  water,  10  g  of  l-8-phenylethyl-2,5-dl- 
methyl -4 -piperidone  (I)  was  added.  After  the  reaction  mixture  was  stirred  for  2  hours  at  room  temperature,  the 
basic  reaction  products  were  separated  out  in  the  usual  way  and,  after  the  ether  was  distilled  off,  crystallized. 

There  was  obtained  2  g  of  piperidol  (XIII),  m.p.  88-94*  (from  benzene). 

Found  %:  N  4.40  ,  4.54.  CjiHg^ON.  Calculated  %:  N  4.53. 

Noncrystallizing  matter  remaining  after  removal  of  crystals  —  5.6  g. 

b)  A  3.3  g  quantity  of  the  y -isomer  of  2,5-dimethyl-4-phenyl-4-piperidone  (m.p.  121-122"),  5  g  of 
8 -phenylethyl  bromide,  2  g  of  calcined  potash,  and  8  ml  of  acetone  were  heated  and  stirred  in  a  water  bath  for 
15  hours  and  the  acetone  distilled  off.  The  residue  was  neutralized  with  15%  hydrochloric  acid  (to  congo ). 


2253 


After  removal  of  neutral  reaction  products  the  aqueous  solution  was  treated  with  potassium  hydroxide.  The 
separated  bases  were  extracted  with  ether.  After  drying,  the  ether  was  distilled  off.  There  was  obtained  4.6  g 
of  piperidol  (XIII),  m.p.  94-95*  (from  benzene). 

Found  %:  N  4.66,  4.51.  CjiHjtON.  Calculated  %  N  4.63. 

1-y  -Phenylallyl-2,6-dlmethyl-4-phenyl-4-plperidol  (XIV).  An  11.6  g  quantity  of  1-y  -phenylallyl-2,6- 
dimethyl-4-piperidone  (II)  in  30  ml  of  ether  was  added  to  the  phenyllithium  prepared  from  0.9  g  of  lithium  and 
10.4  g  of  bromobenzene.  After  the  usual  treatment  there  was  obtained  12  g  of  basic  reaction  products;  on 
crystallization  of  the  latter  from  benzene  3.8  g  of  piperidol  (XIV)  was  isolated  in  the  form  of  colorleu  crystals 
with  m.p.  145-147*. 

Found  N  4.48,  4.33.  CaHjTON.  Calculated  %:  N  4.36. 

l-Nicotinoyl-2,5-dlmethyl-4-phenyl-4-piperldol  (XV).  Six  g  of  2,6-dimethyl-4-phenyl-4-plperidol  and 
9  g  of  nicotinoyl  chloride  were  heated  in  a  water  bath  for  3  hours.  One  hundred  ml  of  water  was  added  to  the 
reaction  mass.  The  neutral  products  were  extracted  with  ether,  and  the  aqueous  solution  was  treated  with  sodium 
bicarbonate  and  extracted  with  ether.  The  ether  extract  was  dried  and  the  ether  distilled  off.  The  residue 
(4.4  g),  left  after  distilling  off  the  ether,  crystallized.  There  was  obtained  1.5  g  of  piperidol  (XV),  m.p.  93-94* 
(from  ether). 

Found  N  9.03,  9.10.  Cigl^O^N,.  Calculated  N  9.03. 

l,2,6-Trimethyl-4-o-tolyl-4-plperldyl  Propionate  (XVI).  To  a  solution  of  10  g  of  l,2,6-trlmethyl-4-o- 
tolyl -4 -piperidol  (m.p.  105-107*)  in  50  ml  of  benzene  was  added  8  g  of  propionyl  chloride,  with  cooling.  The 
mixture  was  heated  for  8  hours  in  a  water  bath.  The  benzene  and  excess  propionyl  chloride  were  distilled  off. 

On  addition  of  ether  the  residue  crystallized.  There  was  obtained  3.6  g  of  the  hydrochloride  of  propionate  (XVI), 
m.p.  215-217*  (from  acetone). 

Found  %:  N  4.72,  4.49;  Cl  11.06,  11.25.  Ci,H|,OiNCl.  Calculated  °k  N  4.30;  Cl  10.96. 

l,2,5-Trimethyl-4-phenyl-4-plperldyl  3*,4*,5*-trimethoxyben7-oate  (XVII).  After  a  mixture  of  1.6  g  of 
the  a-isomer  of  l,2,5-trlmethyl-4-phenyl-4-piperldol  (m.p.  105-107"),  3  g  of  trlmethoxybenzoyl  chloride  (m.p. 
80-81*),  and  10  ml  of  benzene  was  refluxed  for  4  hours,  a  crystalline  mass  (1.2  g)  separated  out.  On  recrystal¬ 
lization  from  acetone  there  was  obtained  0.9  g  of  the  trimethoxybenzoate  hydrochloride  of  the  a-lsomer  of 
l,2,5-trlmethyl-4-phenyl-4-piperldol,  m.p.  182-184*. 

Found  N  3.03,  3.26.  (^HjjObNCI.  Calculated  %:  N  3.11. 

The  free  base,  m.p.  125-126*,  was  obtained  from  the  hydrochloride. 

Found  %:  N  3.56,  3.42.  Cj^HjiGgN.  Calculated  lo-.  N  3.39. 

Similarly,  after  a  mixture  of  1.5  g  of  the  6 -isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (m.p.  101- 
102*),  3.2  g  of  trlmethoxybenzoyl  chloride,  and  15  ml  of  benzene  was  heated  for  5  hours,  there  was  obtained 
2.1  g  of  the  trimethoxybenzoate  hydrochloride  of  the  8 -isomer  of  l,2,5-trlmethyl-4-phenyl-4-pipetidol,  m.p. 
209-210*  (from  acetone). 

Found  N  3.36,  3.82.  Cjj4Ha05NCl.  Calculated  N  3.11. 

Free  base  —  m.p.  121-122*  (from  benzene). 

Found  N  3.22,  3.22.  Cx^HjnOsN.  Calculated  %.  N  3.39. 

c)  From  2  g  of  the  y -piperidol  (m.p.  106-108*)  and  4,5  g  of  trlmethoxybenzoyl  chloride  in  10  ml  of  benzene 
there  was  obtained  3.2  g  of  the  trimethoxybenzoate  hydrochloride  of  the  y -Isomer  of  l,2,6-trimethyl-4-phenyl- 
2-piperldol,  m.p.  220-221*  (from  acetone). 

Found  N  3.53,  3.59.  C^^HaOj  NCI.  Calculated  N  3.11. 

Free  base  —  m.p.  153-154*  (from  benzene). 

1-6 -Phenylethyl-2,5-dimethyl-4-phenyl-4-piperldyl  Propionate  (XVIII).  A  mixture  of  2.6  g  of  1-6-phenyl- 
ethyl-2,5-dimethyl-4-phenyl-4-piperldol,  1.9  g  of  propionyl  chloride,  and  15  ml  of  benzene  was  heated  for 
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10  hours  at  80*.  After  the  benzene  was  distilled  off,  the  residue  was  repeatedly  washed  with  ether  and  then 
dissolved  in  acetone.  On  cooling,  1-8 -phenylethyl-2,6-dlmethyl-4-phenyl-4-plperldyl  propionate  hydrochloride 
(0.9  g),  m.p.  169-172*,  separated  out. 

Found  N  3.68,  3.60.  Cj^HaOiNCl.  Calculated  N  3.48. 

1-y  -Phenylallyl-2,6-dlmethyl-4-phenyl-4-plperldyl  Propionate  (XDC).  On  refluxing  2.2  g  of  plperldol 
(XIV)  and  1.7  ml  of  proplonyl  chloride  in  10  ml  of  benzene  for  7  hours  there  was  obtained  1.4  g  of  1-y-phenyl- 
allyl-2,6-dlmethyl-4-phenyl*4-plperldyl  propionate  hydrochloride.  The  hydrochloride  of  (XIX)  consisted  of 
colorless  crystals  with  m.p.  110-116*  (after  precipitation  by  ether  3  times  from  its  solution  In  acetone). 

Founder  N  3.51,  3.31.  CjaHaO^NCl.  Calculated*^:  N  3.30. 

l,2,8-Trlmethyl-4-«-pyrldyl-4-plperldyl  Propionate  (XX).  To  a  solution  of  4.9  g  of  1,2 ,5 -trimethyl -4- 
a-pyrldyl -4 -plperldol  was  added  16  ml  of  proplonyl  chloride  at  6*.  The  mixture  was  heated  In  a  water  bath  for 
4  hours.  After  the  benzene  and  proplonyl  chloride  were  distilled  off,  the  residue  was  twice  recrystallized  from 
acetone.  There  was  obtained  3.1  g  of  the  dihydrochloride  of  propionate  (XX),  m.p.  129-130*. 

Found  N  7.79,  7.98.  CjeHuOiNjClj.  Calculated  %:  N  8.02. 

l-Dlethylamlnoacetyl-2,5-dimethyl-4-phenyl-4-piperidyl  Propionate  (XXI).  Within  16  minutes  after 
addition  of  5.5  ml  of  proplonyl  chloride  to  8  g  of  a  mixture  of  stereoisomeric  l-dlethylamlnoacetyl-2,5-dl- 
methyl-4-phenyl-4-piperidols  (b.p.  198*  (2.5  mm)],  dissolved  in  20  ml  of  benzene,  an  oily  layer  was  formed. 

The  mixture  was  refluxed  for  6  hours.  The  basic  reaction  products  were  then  separated  out  In  the  usual  way 
and  distilled  in  vacuo.  Two  fractions  were  obtained:  1st  -  175-190*  (2.5  mm),  3.3  g;  2nd  - 190-194*  (2.5  mm), 
2.3  g. 

From  1.8  g  of  the  2nd  fraction  there  was  obtained  0.8  g  of  a  mixture  of  the  propionate  hydrochlorides  of 
stereoisomeric  l-diethylamlnoacetyl-2,5-dimethyl-4-phenyl-4-piperldols,  m.p.  147-169*  (from  acetone). 

Found  *70:  N  7.11,  7.01.  CjjHjjOsNjCl.  Calculated  ^  N  6.82. 

1-8  -Phenylethyl-2,5-dlmethyl-4-phenyl-4-plperldyl  Phenoxyacetate  (XXII).  A  3.2  g  quantity  of  plperldol 
(XIII),  2.1  g  of  phenoxyacetyl  chloride,  and  25  ml  of  benzene  were  refluxed  for  9  hours.  After  the  usual  treat¬ 
ment  there  was  obtained  1.5  g  of  the  hydrochloride  of  1-8 -phenylethyl-2,6-dimethyl-4-phenyl-4-plperldyl 
phenoxyacetate  (XXII),  m.p.  200-202*  (from  acetone). 

Found  °lo-.  N  3.12,  3.20.  C29HS3O3N.  Calculated  °]o\  N  3.16. 

1.2.5- Trlmethyl-4-piperidyl  8 -Phenylmercaptoproplonate  (XXin).  A  mixture  of  5  g  of  1,2,5-trlmethyl- 
4-piperidol  (m.p.  69-73*),  10  g  of  8 -phenylmercaptopropionyl  chloride  (b.p.  139*  at  4  mm),  and  16  ml  of  ben¬ 
zene  was  heated  for  8  hours.  After  the  benzene  was  distilled  off,  the  organic  bases  were  obtained  from  the 
residue  and  then  distilled  In  vacuo.  Two  fractions  were  obtained:  1st  —  72-167*  (2.5  mm),  2,8  g;  2nd  — 167* 

(2.6  mm),  4.6  g. 

From  the  2nd  fraction  there  was  obtained  0.5  g  of  l,2,5-trlmethyl-4-piperidyl  8 -phenylmercaptoproplonate 
hydrochloride,  m.p.  76-78*  (from  a  benzene-ether  mixture). 

Found  °}o:  N  3.82,  3.90.  Cijl^jOiSNCl.  Calculated  ^  N  4.07. 

1.2.5- Trlmethyl-4-plperldyl  Dlethylamlnoacetate  (XXIV).  To  chloroacetyl  chloride  (7  ml),  saturated 
with  hydrogen  chloride,  was  added  4.5  g  of  l,2,5-trimethyl-4-piperidol  (m.p.  67-71*).  The  mixture  was  heated 

at  80-90*  for  2  hours.  The  excess  acid  chloride  was  distilled  off.  To  the  residue  was  added  25  ml  of  dlethylamln^ 
The  mixture  was  refluxed  for  10  hours.  It  was  then  dissolved  in  water  and  treated  with  soda,  and  the  organic 
bases  were  extracted  with  ether.  On  distillation  in  vacuo  there  was  obtained  7.5  g  of  a  liquid  with  b.p.  88-92* 

(2  mm).  From  this,  in  turn,  was  obtained  3.4  g  of  l,2,5-trlmethyl-4-piperldyl  dlethylamlnoacetate  dihydro- 
chlorlde,  m.p.  277*  (dec.)  (from  alcohol). 

Found  N  8.09,  8.40.  Ci4H3oOiN2Cli.  Calculated  ^o:  N  8.51. 

l,2,5-Trlmethyl-4-plperldyl  Plperldylacetate  (XXV).  The  reaction  was  carried  out  similarly.  Seven  ml 
of  chloroacetyl  chloride,  4.5  g  of  the  plperldol,  and  16  ml  of  piperidine  were  taken.  After  the  ether  was  distilled 
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off,  there  was  obtained  6.8  g  of  basic  reaction  products,  from  which  0.6  g  of  piperidylacetate  (XXV)  was  iso¬ 
lated,  on  crystallization  from  benzine,  in  the  form  of  colorless  crystals,  readily  soluble  in  water  and  difficultly 
soluble  in  benzene  and  benzine.  M.p.  237-241*. 

Found  N  10.65,  10.80.  Calculated  N  10.44. 

From  the  remaining  product  there  was  obtained  1.5  g  of  the  dihydrochloride  of  piperidylacetate  (XXV), 
m.p.  248-251*  (from  an  alcoholacetone  mixture). 

Found  %  N  8.07,  8.20.  Cx,H,oO^N,Cl,.  Calculated  %  N  8.21. 

SUMMARY 

A  number  of  new  y  -piperidones  and  y  -piperidols  have  been  prepared.  Ester  hydrochlorides  of  certain 
tertiary  and  secondary  y  -piperidols  were  prepared  for  pharmacological  testing. 
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and  G.  S.  Gusakova 
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In  one  of  the  reports  from  our  laboratory  [1]  the  synthesis  of  various  4-carbalkoxy-4>piperldols  and  the 
corresponding  a-hydroxy  acids,  prepared  from  the  cyanhydrins  of  l-alkyl-2,5>dimethyl-4-piperidones,  was 
recently  described. 

The  acylation  of  these  hydroxy  esters  by  aromatic  and  aliphatic  —  aromatic  acids  leads  to  anesthetic  com¬ 
pounds  related  to  the  analogs  of  the  known  substance  a-eucaine  [2]  and  apparently  similar  to  dicaine  in  activity 
[31. 

The  cyanhydrin  method,  used  for  the  syntliesis  of  4-carbalkoxy-4-piperidols  and  their  esters,  with  all  its 
merits  has  an  essential  shortcoming  which  restricts  the  field  of  its  application,  since  it  is  not  possible  by  this  • 
method  to  prepare  stereoiso meric  analogs  of  a-eucaine  or  to  establish  the  relation  between  the  anesthetic 
activity  of  the  compounds  and  their  steric  configuration.  This  limitation  is  the  consequence  of  the  sterically 
directed  addition  of  hydrogen  cyanide  to  the  carbonyl  group  in  l-alkyl-2,5-dimethyl-4-piperidones  and  the 
formation  of  only  one  of  the  four  theoretically  possible  stereoisomeric  cyanhydrins  [4]. 

In  the  present  paper  stereoisomeric  l,2,5-trimethyl-4-carbalkoxy-4-piperidols  and  the  conesponding 
hydroxy  acids,  obtained  from  stereoisomeric  l,2,6-trimethyl-4-ethynyl-4-plperldols  (I)  —(III),  which  are  formed 
in  the  reaction  of  1,2 ,5-trimethyl -4 -piperidone  with  acetylene  and  were  the  subject  of  our  preceding  paper  [5], 
are  described.  * 

The  advantage  of  the  chosen  route  consists  in  the  possibility  of  obtaining  three  stereoisomeric  hydroxy 
acids  (IV)  —(VI),  since  the  original  acetylenic  alcohols  (I)  —  (III)  are  produced  in  the  form  of  a  mixture  of  three 
of  the  four  theoretically  possible  stereoisomers,  which  is  easily  resolved. 

One  of  the  possible  routes  to  a-hydroxy  acids  (IV)  —(VI)  of  the  piperidine  series  is  oxidation  of  acetylenic 
alcohols  (I)  —  (III)  by  potassium  permanganate.  In  recent  years  A.  I.  Lebedeva  and  G.  A.  Mishnina  [6],  and  also 
V.  I.  Nikitin  and  S.  D.  Savranskaya  [7],  investigated  the  oxidation  of  various  tertiary  acetylenic  alcdiols  by 
potassium  permanganate  in  detail  and  showed  that  the  main  final  reaction  products,  as  a  rule,  are  a-hydroxy 
acids. 


We  established  that  the  oxidation  of  aqueous  solutions  of  the  hydrochlorides  of  stereoisomeric  acetylenic 
alcohols  (I)  -  (III)  by  potassium  permanganate,  even  in  the  cold,  leads  to  the  corresponding  stereoisomeric 
l,2,5-trin)ethyl-4-hydroxy-4-piperidinecarboxylic  acids  (IV)  —(VI)  which  were  isolated  in  the  fewm  of  the  hydro¬ 
chlorides  or,  because  of  the  difficulty  of  purification,  directly  converted  to  the  methyl  esters  (VII)  —  (DC). 

In  contrast  to  compounds  of  the  tropan  series,  which  are  usually  converted  by  permanganate  oxidation  to 
the  corresponding  nor -derivatives  [8],  the  piperidine  nucleus  of  acetylenic  alcohols  (I)  —  (III)  proved  to  be  quite 
stable  to  the  action  of  stoichiometric  quantities  of  permanganate  under  the  stated  conditions,  as  a  consequence 
of  which  additional  methylation  of  the  a-hydroxy  acids  formed  was  unnecessary. 

*  See  scheme  on  p.  2262. 
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On  oxidation  of  the  hlgh-meltlng  y -Isomer  of  the  acetylenic  alcohol  (III)  the  y  -Isomer  of  the  hydroxy 
acid  (VI)  Is  readily  formed;  the  hydrochlMlde  of  the  latter  proved  to  be  Identical  with  a  sample  of  the  hydroxy 
acid  (hydrochloride)  obtained  by  hydrolysis  of  l,2,6-trlmethyl-4-cyano-4-plperldol  [1].  Esterification  of  hydroxy 
acid  (VI)  with  methanol  leads  to  the  corresponding  y -Isomer  of  l,2,5-trlmethyl-4-carbomethoxy-4-plperldol 
(DC),  which  gave  no  depression  In  a  mixture  test  with  the  sample  described  earlier  [1].  On  the  basis  of  these 
results  the  conflguratlve  relation  between  the  hlgh-meltlng  y -Isomer  of  the  acetylenic  alcohol  (III)  and  1,2,5- 
trlmethyl-4-plperldone  cyanhydrln,  which  Is  Important  In  the  further  study  of  the  stereochemistry  of  1,2,5-trl- 
methyl-4-plperldone  derivatives,  was  established.  Under  the  same  conditions  the  low-melting  a-lsomer  of  the 
acetylenic  alcohol  (I)  Is  oxidized  to  the  stereolsomerlc  hydroxy  acid  (IV);  the  hydrochloride  of  the  latter,  which 
was  Isolated  In  the  form  of  a  noncrystalllzlng  substance,  was  esterlfled  with  methanol,  without  preliminary  puri¬ 
fication,  and  was  converted  to  the  previously  unknown  a-lsomer  of  the  hydroxy  ester  (VII).  Hydroxy  acid  hydro¬ 
chloride  (IV)  Is  easily  isolated  In  an  analytically  pure  state  through  the  hydrolysis  of  hydroxy  ester  (VII)  with 
dilute  hydrochloric  acid. 

Oxidation  of  the  d -Isomer  of  the  acetylenic  alcohol  (H)  by  potassium  permanganate  proceeds  with  much 
greater  difficulty  than  that  of  the  a-  and  y  -Isomers  (I)  and  (III).  Carrying  out  the  reaction  at  elevated  tempera¬ 
tures  (up  to  100*)  did  not  lead  to  any  increase  In  the  yield  of  hydroxy  acid  (V).  Because  of  the  difficulty  of 
Isolating  the  crystalline  hydrochloride  of  this  hydroxy  acid.  It  was  also  converted,  without  preliminary  purifica¬ 
tion,  to  the  methyl  ester  (VIII);  by  hydrolysis  of  the  latter,  the  crystalline  hydroxy  acid  hydrochloride  (V)  could 
easily  be  Isolated. 

Another  possible  course  of  synthesis  of  hydroxy  acids  (IV)  -(VI)  and  hydroxy  esters  (VII)  —  (IX)  Is  the  oxida¬ 
tion  of  stereolsomerlc  1,2 ,5 -trimethyl -4 -acetyl -4 -plperldols  (X)  -(XII)  [9].  Investigation  of  this  variant  showed 
that  ketoalcohols  (X)  -(XII)  are  practically  stable  to  oxidation  by  potassium  permanganate  but  on  treatment  with 
bromine  in  alkali  are  easily  converted  to  the  corresponding  hydroxy  acids  (IV)  —(VI);  here  the  use  of  stoichio¬ 
metric  quantities  of  sodium  hypobromite  is  not  accompanied  by  replacement  of  the  methyl  radical  on  the  nitro¬ 
gen  atom  of  the  piperidine  ring  by  halogen,  as  occurs  on  treatment  of  piperidine  [10]  and  compounds  of  the 
tropan  series  [11]  with  hypohalites. 

Stereolsomerlc  hydroxy  acids  (IV)  and  (VI),  obtained  on  oxidation  of  ketoalcohols  (X)  and  (XII)  with  so¬ 
dium  hypobromite,  and  the  corresponding  methyl  esters  (VII)  and  (IX)  proved  to  be  Identical  with  samples  ob¬ 
tained  by  the  permanganate  oxidation  of  acetylenic  alcohols  (I)  and  (III). 

The  6  -isomer  of  ketoalcohols  (XI)  Is  easily  converted  by  oxidation  with  bromine  in  alkali  to  hydroxy  acid 
(V);  the  hydrochloride  of  the  latter,  like  methyl  ester  (VIII),  corresponds  exactly  to  the  compounds  obtained  by 
oxidation  of  acetylenic  alcohol  (II)  with  potassium  permanganate;  however,  higher  yields  can  be  obtained  by  the 
hypobromite  method. 

Because  of  the  difficulty  of  purification  hydroxy  acids  (IV)  and  (V)  usually  were  not  Isolated,  but  were 
converted  directly  to  the  methyl  esters  (VII)  and  (VIII);  after  hydrolysis  of  the  latter  the  crystalline  hydroxy  acid 
hydrochlorides  were  easily  isolated.  Besides  hydroxy  esters  (VII)  and  (VIII),  other  stercoisomeric  1,2,5-trlmethyl- 
4-carbalkoxy-4-pip)eridols  (XIII)  —  (XVI),  differing  in  the  character  of  the  alkoxy  group  and  belonging  to  the 
a-  and  6  -series,  were  also  obtained  from  hydroxy  acids  (IV)  and  (V).  Analogous  hydroxy  esters  of  the  y -series, 
corresponding  to  hydroxy  acid  (VI)  and  prepared  by  the  cyanhydrin  method,  were  described  earlier  [1]. 

The  synthesized  stereoisomeric  hydroxy  esters  (VII)  -  (DC)  and  (XIII)  —(XVI)  were  used  for  the  preparation 
of  new  stereoisomeric  analogs  of  a-eucalne. 


EX  PERIMENT  A  L 

1,2 ,5 -Trimethyl -4 -hydroxy -4 -piperidinecarboxylic  Acid  Hydrochloride  (y  -isomer)  (VI). 

a)  Oxidation  of  the  y  -isomer  of  1,2,5 -trimethyl-4 -ethynyl -4 -piperidol  (III)  by  potassium  permanganate. 
Into  a  three -neck  flask,  provided  with  a  mechanical  stirrer,  were  put  700  ml  of  water,  16  ml  of  concentrated 
hydrochloric  acid,  and  20  g  of  the  y  -isomer  of  1,2 ,5 -trimethyl -4 -ethynyl -4 -piperidol  (III)  [5],  m.p.  177-178*. 

A  solution  of  56.8  g  of  protasslum  permanganate  in  300  ml  of  water  was  added  during  1  hour,  the  mixture  being 
cooled  to  0*  and  vigorously  stirred;  the  reaction  mixture  was  then  stirred  for  12  hours  at  room  temperature.  The 
manganese  dioxide  was  filtered  out  and  washed  three  times  with  portions  (25  ml)  of  hot  water.  The  wash  waters 
and  filtrate  were  combined,  evaprorated  in  vacuo  to  one-fourth  of  their  original  volume,  acidified  to  congo  with 
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concentrated  hydrochloric  acid,  and  evaporated  to  dryness  in  vacuo.  After  the  remaining  traces  of  water  were 
azeotropically  distilled  off  with  benzene  three  times,  the  residue  was  recrystallized  from  anhydrous  alcohol. 

There  was  obtained  20.5  g  (76^^)  of  hydroxy  acid  hydrochloride  (VI),  which  after  a  second  recrystallization 
from  alcohol  had  m.p.  247-249*  (dec.)  and  gave  nc  depression  in  a  mixture  test  with  a  sample  described  earlier 
[1). 

b)  Oxidation  of  the  y  -isomer  of  1,2 ,5 -trimethyl -4 -acetyl -4 -piperidol  (XII)  by  sodium  hypobromite.  Into 
a  round-bottom,  three -neck  flask,  provided  with  mechanical  stirrer,  reflux  condenser,  and  dropping  funnel,  was 
put  a  solution  of  42  g  of  sodium  hydroxide  in  350  ml  of  water.  While  the  mixture  was  cooled  to  0*  and  vigorously 
stirred,  60  g  of  bromine  was  added,  and  then  18.5  g  of  the  finely-powdered  y -isomer  of  l,2,5-trimethyl-4-acetyl- 
4-piperidol  (XII),  m.p.  59-60*  [9],  was  gradually  introduced  during  1  hour.  The  mixture  was  stirred  for  5  hours 
and  left  overnight.  The  separated  bromoform  (4.3  ml)  was  drawn  off,  and  the  water  layer  was  saturated  with 
potash,  extracted  several  times  with  ether,  and  acidified  with  concentrated  hydrochloric  acid  (to  congo).  When 
neutrality  of  the  medium  was  attained,  hydroxy  acid  (VI)  was  precipitated  from  the  sodium  salt,  in  the  form  of 
a  gelatinous  substance  which  redissolved  on  further  acidification.  The  acid  solution  was  evaporated  to  dryness 
in  vacuo  and  the  residue  recrystallized  from  anhydrous  alcohol.  There  was  obtained  12.9  g  (58%)  of  the  easily 
crystallized  hydroxy  acid  hydrochloride  (VI),  identical  with  samples  obtained  both  in  experiment  "a"  and  by  the 
cyanhydiin  method  [1]. 

1.2 .5- Trimethyl -4 -carbomethoxy -4 -piperidol  (y  -isomer)  (IX).  .a)  Ten  g  of  the  hydroxy  acid  hydrochloride 
(VI),  obtained  through  the  oxidation  of  acetylenic  alcohol  (III)  by  potassium  permanganate,  was  dissolved  in  200 
ml  of  methanol  and  placed  in  a  round -bottomed  flask  provided  with  a  reflux  condenser  and  a  tube  for  the  passage 
of  hydrogen  chloride.  The  reaction  mixture  was  heated  for  4  hours  at  70-80*  with  dry  hydrogen  chloride  con¬ 
tinuously  bubbling  through,  after  which  the  methanol  was  distilled  off  at  slightly  reduced  pressure  and  the  residue 
dissolved  in  50  ml  of  water  and  treated  with  potash.  The  separated  base  was  extracted  several  times  with  ether. 
After  drying  with  anhydrous  magnesium  sulfate  and  removal  of  the  ether  there  was  obtained  9.2  g(90%)  of 
hydroxy  ester  (IX),  which  after  recrystallization  from  acetone  or  benzine  had  m.p.  117-118*  and  gave  no  depres¬ 
sion  in  a  mixture  test  with  a  sample  of  the  hydroxy  ester,  obtained  by  the  cyanhydrin  method  [1]. 

b)  A  12.9  g  quantity  of  the  hydroxy  acid  hydrochloride  (VI),  prepared  through  the  oxidation  of  ketol  (XII) 
with  sodium  hypobromite  by  the  method  described  above,  was  esterified  with  methanol.  There  was  obtained  9  g 
(87.3%)  of  hydroxy  ester  (IX),  m.p.  117-118*,  which  proved  to  be  identical  with  the  sample  described  earlier. 

1.2.5- Trimethyl-4-carbomethoxy-4-piperidol  (6  -isomer)  (VIII).  a)  Oxidation  of  the  6  -isomer  of  1,2,5- 
trimethyl-4-ethynyl-4-piperidol  (II).  The  hydrochloride  of  the  0  -isomer  of  l,2,5-trimethyl-4-hydroxy-4-piperi- 
dinecarboxylic  acid  (V)  was  prepared  by  oxidizing  20  g  of  the  6  -isomer  of  the  acetylenic  alcohol  (II)  with 
potassium  permanganate  under  the  conditions  described  above  for  the  case  of  the  y -isomer  (III).  The  oily  base, 
obtained  after  the  usual  treatment,  was  distilled  in  vacuo:  1st  fraction  —  80-86“  (3  mm),  10.2  g;  2nd  fraction  — 
90-106*  (3  mm),  10.1  g. 

The  second  fraction  immediately  crystallized.  After  recrystallization  from  acetone  the  substance  had 
m.p.  113-114*  and  proved  to  be  the  original  acetylenic  alcohol  (II).  The  first  fraction  also  crystallized  after 
redistillation  (80-82*  at  2  mm).  After  recrystallization  from  benzine  there  was  obtained  8  g  (33%)  of  hydroxy 
ester  (VIII),  m.p.  70-71". 

Found  %:  N  7.03,  6.96.  C10H19O3N.  Calculated  %:  N  6.96. 

The  hydrochloride  of  hydroxy  ester  (VIII)  had  m.p.  164-165*  (from  acetone). 

Found  %:  N  5.93,  5.95.  C10H20O3NCI.  Calculated  7o:  N  5.89. 

The  methiodide  of  (VIII)  had  m.p.  154-156*  (from  anhydrous  alcohol). 

Found  %:  N  3.94,  4.13.  C11H22O3NI.  Calculated  %:  N  4.08. 

b)  Oxidation  of  the  0  -isomer  of  1,2,5-trimethyl -4-acetyl -4-piperidol  (XI)  with  sodium  hypobromite.  A 
22.2  g  quantity  of  the  0 -isomer  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (XI),  m.p.  129-130*,  was  oxidized  with 
the  sodium  hypobromite  prepared  from  72  g  of  bromine  and  60.4  g  of  sodium  hydroxide  in  420  ml  of  water,  under 
the  conditions  described  in  the  experiment  of  oxidation  of  the  ketol  (y  -isomer)  (XII).  In  the  reaction  4.5  g  of 
bromoform  separated  out. 
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The  resulting  hydroxy  acid  hydrochloride  (V),  without  being  isolated,  was  esterified  with  200  ml  of  meth¬ 
anol  at  75-80*  for  4  hours,  dry  hydrogen  chloride  being  continuously  bubbled  through.  After  the  usual  treatment 
there  was  obtained  12.2  g  (50.6%)  of  the  0  -isomer  of  the  hydroxy  ester  (VIII).  b.p.  83-85*  (3  mm),  which 
crystallized  completely;  after  recrystallization  from  benzine  (b.p.  80-100*)  it  had  m.p.  70-71*.  The  product 
was  identical  with  the  hydroxy  ester  obtained  in  experiment  "a". 

1. 2 .5- Trimethyl-4 -hydroxy -4-piperidinecarboxylic  Acid  Hydrochloride  (0  -isomer)  (V).  Two  g  of  hydroxy 
ester  (VIII)  (m.p.  70-71*)  was  hydrolyzed  by  boiling  with  20  ml  of  dilute  hydrochloric  acid  (1 ;  1)  for  4  hours. 

After  the  hydrochloric  acid  was  removed  in  vacuo,  the  oily  product  was  ground  to  a  powder  under  anhydrous 
ether.  There  was  obtained  1.93  g  of  hydroxy  acid  hydrochloride  (V),  m.p.  208-209*  (from  acetone). 

Found  %:  N  6.16,  6.48.  CjHijOjNCl.  Calculated  %:  N  6.26. 

1.2.5- Trlmethyl-4-acetyl-4-plperidol  (g-isomer)  (X).  To  a  solution  of  8  g  of  mercuric  sulfate  in  160  ml 
of  water  and  16  ml  of  concentrated  sulfuric  acid  was  added  20  g  of  the  finely  ground  g-isomer  of  the  acetylenic 
alcohol  (I),  m.p.  200-201*  [5],  during  1  hour  with  vigorous  stirring.  The  mixture  was  heated  for  5  hours  in  a 
boiling-water  bath.  The  solution  was  neutralized  with  potash  and  treated  with  zinc  dust.  The  solid  matter  was 
filtered  out,  and  the  aqueous  solution  was  partly  evaporated  in  vacuo  and  saturated  with  potash.  The  separated, 
oily  base  was  extracted  several  times  with  ether  and  the  ethereal  extracts  dried  with  anhydrous  sodium  sulfate. 
The  ether  was  driven  off  and  the  oily  residue  left  was  distilled.  There  was  obtained  15.4  g  (83.5%)  of  ketol  (X), 
b.p.  110-111*  (3  mm),  which  quickly  crystallized  and,  after  recrystallization  from  benzine,  had  m.p.  63-64*. 

A  mixture  test  with  a  sample  of  the  y -isomer  of  the  ketoalcohol  (XII)  (m.p.  59-60*),  obtained  from  the  y -isomer 
of  the  acetylenic  alcohol  (III),  m.p.  177-178*  [5],  gave  a  depression  on  melting  (38-43*). 

Found  %:  N  7.88,  7.86.  CjoHiAN.  Calculated  7o:  N  7.56. 

1  ,2 ,5 -T  rim  e  th  y  1 -4 -c  a  r  bo  me  thox  y -4  -  p  i  per  ido  1  (g-isomer)  (VII) 

a)  Oxidation  of  the  g-isomer  of  1, 2,5-trimethyl -4-ethynyl-4-piperidol  (I).  Ten  g  of  the  hydrochloride 
of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (g-isomer)  (I),  m.p.  200-201*  [5],  was  dissolved  in  800  ml  of  water 
and  oxidized  with  28.4  g  of  potassium  permanganate  in  200  ml  of  water  by  the  method  described  for  the  0- 
and  y  -isomers. 

The  resulting  hydroxy  acid  hydrochloride  (IV)  was  esterified  with  250  ml  of  methanol,  as  described  above. 
After  the  usual  treatment  there  was  obtained  5.5  g  (50%)  of  hydroxy  ester  (VII),  b.p.  100-110*  (3  mm),  which 
crystallized  in  the  receiver  and,  after  recrystallization  from  benzine  (b.p.  80-100*),  had  m.p.  77-78*. 

Found  %:  N  6.87,  6.79.  C10H19O3N.  Calculated  %:  N  6.96. 

The  methiodide  of  hydroxy  ester  (VII)  had  m.p.  180-181*  (from  anhydrous  alcohol). 

Found  %:  N  4.37,  3.98.  CuHjjOjNI.  Calculated  %:  N  4.08. 

The  hydrochloride  of  (VII)  had  m.p.  166-167*  (from  acetone). 

Found  %:  N  5.79,  5.74.  C10H20O3NCI.  Calculated  %:  N  5.89. 

b)  Oxidation  of  the  g-isomer  of  l,2,5-trimethyl-4-acetyl-4-piperidoI  (X)  by  sodium  hypobromite.  A  4.6  g 
quantity  of  ketoalcohol  (X)  was  oxidized  with  sodium  hypobromite  prepared  from  10.5  g  of  sodium  hydroxide,  90 
ml  of  water,  and  15  g  of  bromine,  by  the  method  described  for  the  oxidation  of  the  ketol  0  -  and  y  -Isomers  (XI) 
and  (XII).  In  the  reaction  0.9  ml  of  bromoform  separated  out.  The  reaction  product,  which  was  obtained  after 
the  usual  treatment,  was  esterified  with  150  ml  of  methanol.  After  working  up  and  distillation  in  vacuo  there 
was  obtained  2.6  g  (51.7%  calculated  on  original  ketol)  of  hydroxy  ester  (VII),  m.p.  77-78*,  identical  with 
that  described  in  the  preceding  experiment. 

1.2 .5- Trimethyl-4 -hydroxy -4-piperidinecarboxylic  Acid  Hydrochloride  (g-isomer)  (IV).  Two  g  of  the 
hydroxy  ester  (VII)  (m.p.  77-78*)  obtained  in  the  preceding  experiment  was  hydrolyzed  by  heating  with  20  ml 
of  dilute  hydrochloric  acid  (1: 1)  as  described  for  preparation  of  the  0 -isomer  of  the  hydroxy  acid  hydrochloride 
(V).  There  was  obtained  1.96  g  of  the  g-isomer  of  the  hydroxy  acid  hydrochloride  (IV),  m.p.  195.5-196.5* 

(from  acetone). 
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Found  N  6.04,  6.03.  CgHigOjNCl.  Calculated  7o:  N  6.26. 

1 .2 .5- Trlmethy  1-4 -carbethoxy -4 -piperldol  (6  -Isomer)  (XIV).  Hydroxy  acid  hydrochloride  (V)  was  ob¬ 
tained  by  oxidation  of  25  g  of  ketoalcohol  (XI)  with  sodium  hypobromite  prepared  from  72  g  of  bromine,  60.4  g 
of  sodium  hydroxide,  and  420  ml  of  water,  by  the  method  described  for  the  preparation  of  hydroxy  ester  (VIII). 
After  the  reaction  4.5  ml  of  bromoform  separated  out.  The  oily  product,  which  was  obtained  after  the  usual 
treatment,  was  esterified  with  anhydrous  alcohol  (400  ml)  for  4  hours  in  a  boiling-water  bath.  After  the  alcohol 
was  distilled  off  in  vacuo,  the  residue  was  dissolved  in  50  ml  of  water  and  treated  with  potash.  The  oily  base 
was  extracted  with  ether.  After  removal  of  the  ether  there  was  obtained  12.2  g  (427o)  of  a  substance  with  b.p. 
125-128*  (2  mm),  which  crystallized  in  the  receiver  After  recrystallization  from  alcohol  hydroxy  ester  (XIV) 
had  m.p.  124-125*. 

Found  7o:  N  6.29,  6.19.  CiiHgiOgN.  Calculated  7o:  N  6.51. 

1. 2. 5- Trimethyl -4 -carbethoxy-4 -piperldol  (a-isomer)  (XIII).  Fifteen  g  of  the  hydrochloride  of  the 
a-isomer  of  the  acetylenic  alcohol  (I),  m.p.  200-201*,  was  oxidized  with  a  solution  of  41.25  g  of  potassium 
permanganate  in  1500  ml  of  water,  as  described  above  for  the  preparation  of  hydroxy  ester  (VII).  After  the  usual 
treatment  there  was  obtained  hydroxy  acid  hydrochloride  (IV),  which  was  esterified,  without  isolation  with  250 
ml  of  alcohol  for  4  hours  in  a  boiling- water  bath,  dry  hydrogen  chloride  being  bubbled  through  continuously. 

After  the  oily  base  was  isolated  and  distilled  in  vacuo,  there  was  obtained  8.7  g  (457o)  of  hydroxy  ester  (XIII), 
b.p.  95-96*  (2  mm). 

Found  N  6.82,  6.56.  CijHjiOjN.  Calculated  7>:  N  6.51. 

The  picrate  of  hydroxy  ester  (XIII)  had  m.p.  141.5-142.5"  (from  alcohol). 

Found  7o:  N  12.46,  12.70.  C17H24O10N4.  Calculated  7o:  N  12.61. 

1.2.5- Trimethyl-4-carbopropoxy-4-piperidol  (6  -isomer)  (XVI).  Hydroxy  acid  hydrochloride  (V),  m.p. 
208-209",  obtained  by  oxidizing  25gof  ketoalcohol  (XI)  with  sodium  hypobromite  under  the  conditions  described 
for  the  preparation  of  hydroxy  ester  (XIV),  was  esterified  with  propanol-1  for  3  hours  at  100-110",  dry  hydrogen 
chloride  being  bubbled  through  continuously.  After  the  usual  treatment  there  was  isolated  12.6  g(447o,  calculated 
on  the  original  ketol)  of  a  substance  with  b.p.  137-140*  (3  mm),  which  crystallized  in  the  receiver.  After  re¬ 
crystallization  from  acetone,  8.8  g  of  hydroxy  ester  (XVI),  m.p.  112-113",  was  obtained. 

Found  N  6.02,  5.79.  CijHjsOsN.  Calculated  7>:  N  6.11. 

l,2,5-Trimethyl-4-carbopropoxy-4-piperidol  (a-isomer  (XV).  Ten  g  of  the  hydrochloride  of  acetylenic 
alcohol  (I)  (m.p.  200-201")  was  oxidized  with  a  solution  of  28.4  g  of  potassium  permanganate  in  1000  ml  of 
water,  as  described  for  the  preparation  of  hydroxy  ester  (XIII).  Without  purification,  hydroxy  acid  hydrochloride 
(IV)  was  esterified  for  3  hours  with  250  ml  of  propanol-1,  as  described  in  the  preceding  experiment.  After  isola¬ 
tion  of  the  base  by  the  usual  method  6.35  g  (56.57o)  of  hydroxy  ester  (XV),  b.p.  125-127"  (2  mm),  was  obtained. 

Found  7o:  N  5.87,  5.95.  C12H23O3N.  Calculated  7o:  N  6.11. 

The  picrate  of  hydroxy  ester  (XV)  melted  at  132-133*  (from  anhydrous  alcohol). 

Found  7o:  N  12.48, 12.52.  C18H26O10N4  Calculated  N  12.22. 

SUMMARY 

1.  The  oxidation  of  three  stereoisomeric  1,2, 5-trimethyl -4-ethynyl-4-piperidols  by  potassium  permanga¬ 
nate  and  the  interaction  of  l,2,5-trimethyl-4-acetyl-4-piperidols  with  sodium  hypobromite  have  been  described. 
Both  methods  lead  to  three  stereoisomeric  l,2,5-trimethyl-4-hydroxy-4-piperidinecarboxylic  acids  and  the 
corresponding  hydroxy  esters,  which  are  intermediates  in  the  synthesis  of  new  anesthetic  compounds.  The  possi¬ 
bility  of  obtaining  l,2,5-trimethyl-4-carbalkoxy-4-piperldols  in  the  form  of  three  stereoisomers  provides,  for 
the  first  time,  a  route  toward  the  synthesis  of  previously  unknown  stereoisomeric  analogs  of  a-eucaine  and 
establishment  of  the  relation  between  their  anesthetic  effects  and  steric  configurations. 

2.  The  configurative  relation  between  the  y -isomer  of  1,2, 5-trimethy  1-4 -ethynyl-4 -piperldol  and  1,2,5- 
trlmethyl-4-piperidone  cyanhydrin,  which  is  important  in  the  study  of  the  stereochemistry  of  derivatives  of  the 
4-piperidones,  has  been  established. 
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STRUCTURE  OF  THE  REACTION  PRODUCT  OF  2-AMINO-4- 
METHYLTHIAZOLE  WITH  a-OXIDES 

Yu.  K.  Yur'ev,  K.  Yu.  Novitskii  and  M.  N.  Demina 
Moscow  State  University 


In  one  of  our  previous  papers  [1],  when  2-amino-4-methylthiazole  was  reacted  with  ethylene  oxide,  we 
obtained  the  hydroxyethyl  derivative,  which,  based  on  an  analogy  with  the  behavior  oi  2-aminopyridine  in  this 
reaction  [1, 2],  was  assigned  the  structure  of  N-(8 -hydroxyethyl)-thiazoloneimine. 

In  this  paper,  to  obtain  new  2-(3 -hydroxyalkyl)-aminothiazoIes,  and  also  to  establish  exactly  the  structure 
of  the  hydroxyalkyl  derivatives  of  2-amino-4-melhylthiazole  obtained  in  the  reaction  of  the  latter  with  a-oxides, 
we  synthesized  the  indicated  compounds  by  two  counter  methods.  The  reaction  of  2-chloro-4-methylthiazole  with 
alkanolarnines  is  a  synthesis  that  excludes  the  possibility  of  forming  nuclear  nitrogen*«lkylated  derivatives  of 
thiazole.  It  should  be  mentioned  that  using  this  method,  B.  M.  Mikhailov,  V.  P.  Bronovitskaya  and  I.  K.  Platova 
[3]  obtained  2-(6  .0 ’-dihydroxydiethyl)-aminothiazole  when  they  reacted  2-bromothiazole  with  diethanolamine. 

When  2-chloro-4-methylthiazole  was  reacted  with  ethanolamlne  and  with  2-propanolamine  we  obtained 
2-(8 -hydroxyethyl)-amino-4-methylthiazole  and  2-(8 -hydroxypropyl)-amino-4-methylthiazole,  respectively.  A 
comparison  of  the  constants  of  these  compounds,  and  also  of  their  derivatives,  with  the  constants  of  the  compounds 
obtained  by  us  by  reacting  2-amino-4-methylthiazole  with  the  corresponding  a-oxides  [1"),  indicated  that  they 
were  completely  identical.  This  was  also  indisputably  confirmed  by  the  identity  of  the  absorption  spectra  in  the 
ultraviolet  region  of  the  2-(8 -hydroxyethyl)-aminothia2M>les  obtained  by  the  two  methods  indicated  above,  and 
also  by  the  absorption  spectra  in  the  ultraviolet  region  of  their  hydrochlorides. 


CM.,— - N 

'  I  I 

\s/\ 


H,NGH,(  nOllJl 


CHo— - N 


Cl 


whereR  =  H.  cn 


—  NHCHoCHOHIl 


\o 


NHj. 


As  a  result,  the  reaction  of  a-oxides  with  2-amino-4-methylthiazole  proceeds  differently  than  in  the  case 
of  2-aminopytidine,  and  leads  to  the  formation  of  2-(8 -hydroxyalkyl)-aminothiazoles,  retaining  the  thiazole 
structure. 

The  data  obtained  in  the  present  study  are  of  special  interest  also  for  the  reason  that  the  reaction  of  con¬ 
ventional  alkylating  agents  with  2-aminothiazoles  leads  to  obtaining  3-alkyl-2-thiazoloneimines  [4-6],  whereas 
our  described  reaction  of  a-oxides  with  2-amino-4-methylthiazole  proceeds  at  the  amino  nitrogen. 

EXPERIMENTA  L 

I.  Reaction  of  2-Chloro -4 -methy Ithiazole  With  0 -Hydroxyalkylamines 
2 

[b.p.  161-ibVJ'  (vay  mm),  n"u  i.oaoy,  d”4  i.V5y44  f/j,  ab.o  g 

n*®D  1.4528,  d*®4  1.0240]  and  0.3  g  of  copper  powder  was  heated  under  reflux  for  2.5-3  hours  in  an  oil  bath  at 
145-150*.  Chloroform  and  saturated  potassium  carbonate  solution  were  added  after  cooling;  the  chloroform  layer 


-(8  -Hydroxyethyl)-amino-4-methylthiazole.  A  mixture  ot  40  g  (0.3  mole)  of  2-chloro-4-methylthiazole 
1-162*  (739  mni),  n^^D  1.5359,  d*®^  1.2944  [7],  36.5  g  (0.6  mole)  of  ethanolamlne  [b.p.  78*  (12  mm). 
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was  separated,  and  the  residue  was  extracted  twice  with  chloroform.  The  extracts  were  combined,  dried  over 
anhydrous  potassium  carbonate,  the  chloroform  distilled  off,  and  the  residue  was  vacuum-distilled,  where  the 
following  fractions  were  collected:  1st,  50-173*  (7  mm)  —4.6  g:  2nd,  173-186*  (7  mm)  —  10.8  g.  Redistillation 
of  the  2nd  fraction  gave  a  light-yellow  oil: 

b.p.  159-163*  (6  mm),  n*®D  1.6763.  Found  %  N  17.86,  18.01.  C,HioON,S.  Calculated  %  17.71. 

The  picrate,  prepared  by  mixing  alcohol  solutions  of  the  free  base  and  picric  acid,  had  m.p.  155.5-166.5* 

(from  alcohol). 

Found  %  N  17.92,  18.00.  CiiHi,0,NjS.  Calculated  %  N  18.1. 

The  heating  for  30  min  of  equimolar  amounts  of  2-(6  -hydroxycthyl)-amino-4-mcthylthlazole  and  a-naphthyl 
Isocyanate  gave  colorleu  crystals  with  m.p.  172-173*  (from  alcohol).  The  analysis  data  correspond  to  the  addi¬ 
tion  product  of  two  molecules  of  a-naphthyl  Isocyanate  to  one  molecule  of  hydroxyalkylaminothlazole,  therefore 
being  both  an  a-naphthylurethan  and  an  a-naphthylurea. 

Found  %:  C  67.21,  67.17;  H  6.16,  4.98;  N  11.09,  11.23.  C,,HmO>N4S.  Calculated  %:  C  67.72;  H  4.87; 

N  11.28. 

The  hydrochloride  of  2-(8 -hydroxyethyl)-amino-4-methylthiazole  was  obtained  by  passing  dry  hydrogen 
chloride  into  a  solution  of  the  free  base  in  a  mixture  of  anhydrous  alcohol  and  absolute  ether:  m.p.  143.5-144.5* 
(from  a  mixture  of  anhydrous  alcohol  and  ether). 

Found  %:  C  37.31,  37.34;  H  6.61,  5.70.  C,HiiON,SCl.  Calculated  %  C  37.01;  H  5.64. 

2 -(6  -Chloroethyl)-amino-4-methylthiazole  Hydrochloride.  To  a  suspension  of  3  g  (0.016  mole)  of  2-(6  - 
hydroxyethyl)-amino-4-melhylthiazole  hydrochloride  in  16  ml  of  chloroform  was  added  in  drops,  with  stirring, 

2.2  ml  (0.03  mole)  of  thionyl  chloride.  After  the  precipitate  had  dissolved,  the  solution  was  heated  for  30  min 
on  the  water  bath,  and  after  distilling  off  the  chloroform  the  viscous  oil  was  dissolved  in  anhydrous  alcohol;  ths 
addition  of  absolute  ether  gave  colorless  crystals:  m.p.  173*  (from  anhydrous  alcohol).  Yield  3.0  g(81%). 

Found  %  N  13.14,  13.39.  C^HjoNtSCl,.  Calculated  %  N  13.15. 

2-(B  -Hydroxypropyl)-amino-4-methylthlazole  was  obtained  by  the  above  described  method.  From  35  g 
(0.22  mole)  of  2-chloro-4-methylthiazole,  32  g  (0.44  mole)  of  6 -propanolamine  [b.p.  57-59*  (10  mm),  nP®D 

I. 4442,  d®®4  0.9727  [8]  and  0.3  g  of  copper  powder  we  obtained  16.2  g  (46%,  based  on  reacted  2-chloro-4-methyl- 
thiazole)  of  product: 

b.p.  155-159*  (5  mm),  n*®D  1.5380.  Found  %:  N  16.06,  15.98.  C^HuONiS.  Calculated  %:  N  16.28. 

The  hydrochloride  of  2-(8 -hydroxypropyl)-amino-4-methylthiazole  was  obtained  the  same  as  described 
above:  m.p.  163*  (from  a  mixture  of  anhydrous  alcohol  and  ether). 

Found  °k  N  13.13,  12.96.  CtHijONjSCI.  Calculated  %.  N  13.4. 

Picrate  of  2-(8 -hydroxypropyl)-amino-4-methylthiazole:  m.p.  151.5-152.5*  (from  alcohol). 

Found  %:  N  17.30,  17.70.  CijHigOjNsS.  Calculated  %:  N  17.37. 

The  reaction  of  2-(8 -hydroxypropyl)-amino-4-methylthiazole  with  a-naphthyl  isocyanate  gave  a  com¬ 
pound  that  in  its  composition  corresponded  to  the  addition  product  of  two  molecules  of  the  latter  to  one  molecule 
of  the  hydroxy  amine:  m.p.  154.5-155"  (from  alcohol). 

Found  %.  C  68.19,  68.40;  H  5.15,  5.19;  N  10.84,  10.82;  S  6.27,  6.27.  C,,H,eO,N4S.  Calculated  % 

C  68.21;  H  5.13;  N  10.91;  S  6.27. 

II.  Reaction  of  2  -  A  mino -4 -methylthiazole  With  a-Oxides 

2 -(8  -Hydroxyethyl)-amino-4-methylthiazole.  Using  the  earlier  described  method  [1],  from  72  g  (0.64  mole) 
of  2-amino-4-methylthiazole  (m.p.  44*)  [9]  and  42  g  (0.96  mole)  of  ethylene  oxide  we  obtained  14.5  g  of  2-(8- 
hydroxyethyl)-amino-4 -methylthiazole: 

b.p.  155-159*  (4  mm),  n*®D  1.5750. 
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Frequency  Values  for  2“(fl -Hydroxy- 
ethyl)-amino-4-methylthlazole  (H  cm“^) 


Note:  Tentative  designations:  o,  1  — 
very  Intense,  1  —  intense,  s  —  tnedium, 
m  —  small. 


From  2-chloro-4- 
methylthlazole 

From  2-amino-4- 
methylthiazole 

!tsn  1 

979  1 

KMK)  s 

998  S 

1063  v.l. 

1064  v.l. 

1133  1 

1132  1 

1232  v.l. 

1224  1 

1306  1 

1304  1 

1331  8 

1330S 

1370  m 

1370  m 

1300  s 

1386  s 

1/|32  1 

1430  i 

ir)36  v.i. 

1 320-1  r>r)f  v.l. 

1646  m 

1646  1 

2340  1 

2349  1 

300H  1 

3115  1 

3208  1 

3205  1 

The  picrate  had  m.p.  156.5-166.6*,  and  the  mixed 
melting  point  with  the  picrate  of  2-(0 -hydroxyethyl)- 
amlno-4-methylthlazole,  obtained  by  the  reaction  of 
2-chloro-4-methylthiazole  with  ethanolamine,  was  not 
depressed. 

The  hydrochloride  had  m.p.  144-146*,  and  its 
mixed  melting  point  with  the  hydrochloride  described 
above  was  not  depressed. 

The  derivative  with  two  molecules  of  a- naphthyl 
isocyanate  had  m.p.  171.6-172*,  and  its  mixed  melting 
point  with  the  analogous  derivative  described  above  was 
not  depressed. 

2-(0  -Hydroxypropyl)-amino-4-methylthiazole. 
Sixty  grams  (1.03  moles)  of  propylene  oxide  [b.p.  33-34* 
750  mm),  n*®D  1.3670]  was  passed  for  8  hours  into  a 
solution  of  57  g  (0.5  mole)  of  2-amlno-4-meIhylthiazole 
in  10  ml  of  alcohol,  contained  in  a  flask  fitted  with  a 
reflux  condenser  and  heated  on  the  boillng*water  bath. 
After  distilling  off  the  alcohol  in  vacuo  the  residue  was 
distilled  in  a  stream  of  nitrogen,  where  the  following 
fractions  were  collected:  1st,  95-145*  (5  mm),  37.5  g; 
2nd,  145-175*  (5  mm),  31.6  gj  3rd,  175-225*  (6  mm), 

5  g.  The  1st  fraction  contained  unchanged  2-amlno-4- 
methylthlazole.  Redistillation  of  the  2nd  fraction  gave 
13.6  g  of  2-(0 -hydroxypropyl)-amlno-4-methylthlazole 
with  b.p.  157-161*  (6  mm),  n*®D  1.5440.  The  picrate 
(from  alcohol)  had  m.p.  152-153*,  and  its  mixture  with 
the  previously  obtained  picrate  of  2-(0 -hydroxypropyl)- 
amlno-4-methylthiazole  had  m.p.  151.5-152*.  The 
derivative,  obtained  by  reacting  with  ot-naphthyl  isocy¬ 
anate,  had  m.p.  154.5-155*  (from  alcohol),  and  its  mixed 
melting  point  with  the  earlier  obtained  product  was  not 
depressed. 

III.  Absorption  Spectra* 


The  ultraviolet  absorption  spectra  of  the  two  2-(0- 
hydroxyethyl)-amino-4-methylthiazole  hydrochlorides 
described  above  were  taken  in  methanol  using  a  SF-4 

spectrophotometer.  Both  absorption  curves  coincided  completely  when  superimposed,  and  had  X^ax  264  mp  and 
log  cmax  3*93  ®nd  3.94  (see  figure). 


A  single-beam  IKS-11  infrared  spectrometer  was  used  to  take  the  absorption  spectra  of  the  2-(0 -hydroxy- 
ethyl)-amlno-4-methylthiazoles  in  the  infrared  region.  The  frequency  values  for  the  compounds,  obtained  from 
2-chloro-4-methylthlazole  and  ethanolamine,  and  from  ethylene  oxide  and  2-amino-4-methylthiazole,  are  given 
in  the  table. 


SUMMARY 

In  contrast  to  the  analogous  reaction  with  2-aminopyridlne,  the  reaction  of  2-amino-4-methylthlazole  with 
a-oxides  goes  in  conventional  manner  with  the  formation  of  a  substituted  amino  group,  l.e., without  involving 
the  cyclic-bound  nitrogen  atom  of  the  thlazole  nucleus  in  the  reaction. 


*  We  wish  to  thank  L.  A.  Kazitsina  for  taking  the  absorption  spectra  of  the  compounds  obtained  by  us. 
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2-(S’Hydroxyalkyl)>amlnothUzoles  are  obtained  when  2-amlno-4-inethylthlazole  U  reacted  with  aliphatic 
a>oxidei.  That  these  compounds  have  such  a  structure  is  confirmed  by  their  counter  synthesis  via  the  condensa¬ 
tion  of  2-chloro-4-methylthiazole  with  B  -hydroxyalkylamines. 
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DERIVATIVES  OF  2  -  C  HRO  M  ON  EC  A  RB  OX  Y  LIC  ACID 

V.  A.  Zagorevskll,  D.  A.  Zykov  and  V.  G.  Vinokurov 

Institute  of  Pharmacology  and  Chemotherapy  Academy  of  Medical  Sciences 
of  the  USSR 


In  a  previous  paper  we  described  the  synthesis  of  a  number  of  aryl  esters  of  2-chromonecarboxyllc  acid 
through  the  chloride  of  this  acid  [1].  In  most  cases  the  chloride  was  prepared  by  reacting  thlonyl  chloride  with 
the  acid  In  pyridine,  and  was  used  as  such  for  further  reaction. 

In  a  search  for  pharmacologically  active  substances.  In  particular  those  soluble  In  water,  we  have  obtained 
In  this  paper  various  N -substituted  amides,  and  also  some  other  derivatives  of  2-chromonecarboxylic  acid  (see 
table). 

All  of  the  compounds  (I)  —(XV)  were  synthesized  by  reacting  2-chromonecarboxyl  chloride  with  the  appro¬ 
priate  amino,  hydroxy-  or  mercapto-  derivative.  The  chloride,  obtained  In  the  free  state  by  the  earlier  proposed 
method  [1],  was  reacted  in  dlchloroethane  solution.  In  all  except  three  cases  (compounds  (XIII)  —(XV),  aqueous 
sodium  bicarbonate  was  used  as  the  base  to  combine  with  the  liberated  hydrogen  chloride.  Based  on  the  example 
of  preparing  aryl  esters  (XIII)  —(XIV),  it  was  shown  that  It  is  possible  to  acylate  phenols  with  this  chloride  by  the 
Schotten-Baumann  technique. 

Compounds  (VIII)  —(XII)  give  water-soluble  salts  when  treated  with  either  sodium  bicarbonate  or  soda  [car- 
boxyanillde  (IX)].  Hydrochloride  (XV)  Is  readily  soluble  In  water. 

Attention  is  attracted  to  the  Interesting  relationship  that  exists  between  the  color  of  the  anilides  of  2-chro- 
monecarboxylic  acid  and  the  nature  of  the  substituent  In  the  benzene  ring  of  the  aromatic  amine  moiety.  The 
anilide  of  2-chromonecarboxylic  acid  Is  colorless  [1].  the  p-toluidide  (II)  has  a  weak  greenish -yellow  color,  while 
the  p-methoxy-  and  p-hydroxyanllldes  (III)  and  (IV)  have  a  yellow-green  color.  For  the  case  of  the  p-dimethyl- 
amlno-  and  p-diethylaminoanilldes  (VI)  and  (VII)  tlie  color  now  ranges  from  yellow-orange  to  red  (the  deeper  blue 
color  In  each  case  Is  apparently  due  to  the  crystallohydrate  form).  The  Introduction  of  meta -orienting  substituents 
in  the  para-posltion  of  the  aniline  moiety  exerts  comparatively  little  effect  on  the  color.  Thus,  p-carboxyanlllde 
(IX)  Is  colorless,  while  p-nltroanllide  (V)  has  only  a  pale  yellow  color.  Although  p-sulfoanillde  (X)  in  the  solid 
state  is  colored  greenish -yellow,  still  in  aqueous  or  alcohol  solutions  it  is  colorless.  Its  sodium  salt  is  also  colorless 
In  the  crystalline  state.  A  similar  picture  is  also  observed  for  the  aryl  esters  of  2-chromonecarboxyllc  acid  [1],  For 
example,  the  phenyl  ester  is  colorless,  while  the  p-methoxyphenyl  ester  has  a  yellow  color,  which  Is  less  Intense 
than  for  the  p-methoxyanlllde  (III). 

In  all  probability,  the  reason  for  the  color  of  the  substituted  anilides,  and  also  for  the  aryl  esters  of  2-chromone¬ 
carboxyllc  acid.  Is  the  same  as  for  the  case  of  the  nitrobenzoyl  derivatives  of  type  NO^C5H4CONHCjH4R,  where  R  is 
an  electron-donor  group  (see,  for  example,  [2-4]).  However,  the  final  answer  to  this  problem  necessitates  further 
studies. 

At  the  present  time  It  can  be  truthfully  said  only  that  the  reason  for  the  color  of  derivatives  of  2-chromone¬ 
carboxylic  acid  cannot  be  attributed  to  the  strong  Induction  effect  of  the  acyl  radical  (chromonoyl).  In  electrophilic 
characterthe  2-chromonoyl  radical  hardly  exceeds  that  of  the  trlchloroacetyl  group,  which  to  a  certain  degree  can 
be  confirmed  by  comparing  the  strengths  of  2-chromonecarboxylIc  and  trichloroacetic  acids  (the  pH  of  a  O.IN  solu¬ 
tion  In  507"  alcohol  Is  2.55  and  2.60,  respectively).  In  contrast  to  the  chromonoyl  radical,  the  trlchloroacetyl  radical 
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Amides  and  Esters  of  2-Chromonecarboxyllc  Acid 


o 


Com¬ 

pound 

No. 

R 

Empirical 

formula 

RR|9 

Melting 

point* 

Content  (in  %)* 

c 

H 

N 

I 

NHCH.CH.OH 

C„H„0,N 

73.9 

203—204° 

6.33 

(in  water) 

6.01 

II 

NHC,H,CH,-p 

C„H„0,N 

84.1 

2.32-233 

73.27 

4.80 

— 

73.10 

4.69 

III 

NHC,H,OCH,-p 

C„H„O.N 

85.7 

217 

— 

— 

4.74 

4.74 

IV 

NHC,H,OH-p 

C„H„O.N 

96.7 

276-278 

— 

— 

4.78 

4.98 

V 

NHC,H,NOrp 

C„H„0,N, 

88.6 

293-295 

— 

8.70 

iffomCHjNOi 

9.03 

VI 

NHC,H,N(CH,),-p 

C„H,.0,N, 

87.3 

220-220.5 

70.35 

.5.43 

— 

70.11 

.5.23 

VII 

NHC.H4N(CtHJ,-p 

99.0 

1S8— 189 

71.71 

6.11 

8.11 

71.41 

.5.22 

8.33 

VIII 

NHCHjCOOH 

C„1I,0,N 

82.9 

223.8-227 

— 

— 

5.50 

5.67 

IX 

NHC.H.COOH-p 

C„H„0,N 

93.8 

3.53 

_ 

_ 

4.51 

(decomp.) 

4..53 

X 

NHC.H.SO.H-p 

C,.II„0,NS 

97.4 

298 

— 

— 

4.02 

XI 

(decomp.) 

4.06 

SCH.COOH 

C„H,0,S 

96.8 

188-190 

54.67 

3.20 

— 

.54..55 

3.05 

XII 

J-NHCHCH,SH 

C„H„0,NS, 

.51.1 

172 

— 

— 

4.67 

COOH 

(decomp.) 

4.78 

XIII 

or.H,CH,-p 

73.1 

94—95 

72.98 

4.46 

— 

72.84 

4.32 

4.84 

XIV 

OC,H,NQ,-p 

r„H,o,N 

86.7 

228-229 

— 

— 

XV 

from  Ch8NO| 

4.50 

OrH,CH,N(CH,;,  • 

C„H„0,Nri 

86.1 

1?K)— 191 

_ 

_ 

5.03 

(from  anhy- 

4.71 

drous  alco>- 

hoi) 

1 

has  hardly  any  effect  on  the  color  when  introduced  into  N,N-dimethyl-(or  diethyl) -p-phenylenediamine.  In 
addition,  it  is  known  that  p-N04CeH4C0NHCeH4N(CH8)j  is  colored  red  [2],  although  the  p-nitrobenzoyl  group  in 
electrophilic  nature  is  obviously  weaker  than  the  triacetyl  radical,  if  the  reasoning  is  again  based  on  the  com¬ 
parative  strengths  of  the  corresponding  acids  (]<  4*  10*^  and  1.3*  10"^). 

A  separate  communication  will  be  made  regarding  the  results  of  the  pharmacological  testing  of  the  ob¬ 
tained  compounds. 


EXPERIMENTAL* 

p-Toluldlde  (H).  A  solution  of  2.09  g  of  2-chromonecarboxyl  chloride  [1]  in  20  ml  of  dichloroethane  was 
added  gradually,  with  stirring  and  ice  cooling,  to  a  mixture  of  1.07  g  of  p-toluidine,  1.68  g  of  sodium  bicarbonate 
and  5  g  of  water  with  5  g  of  ice.  The  mixture  was  stirred  for  another  30  minutes.  The  precipitate  was  filtered 
washed  with  sodium  bicarbonate  solution,  dilute  hydrochloric  acid,  water,  alcohol,  and  ether,  and  then  dried  in 
a  vacuum  desiccator  over  F^Os.  The  yield  of  toluldide  (II)  with  m.p.  228-229*  was  2.35  g  (84.1%),  M.p.  232- 
233*  (from  alcohol). 


*  With  the  assistance  of  E.  K.  Orlova. 
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Substituted  anilides  (III),  (IV)  and  (V)  were  prepared  in  a  similar  manner  (see  table). 

8  -Hydroxyethylamide  (I).  For  reaction,  run  under  the  conditions  of  the  previous  experiment,  we  took  4.18  g 
of  2-chromonecarboxyl  chloride  in  40  ml  of  dichloroethane,  1.47  g  ot  monoethanolamine  and  2.52  g  of  sodium 
bicarbonate  in  5  ml  of  water  with  5  g  of  ice.  The  precipitate  was  filtered,  and  washed  with  10  ml  of  cold  water, 

5  ml  of  cold  hydrochloric  acid  (1 : 1),  and  5  ml  of  water.  The  8 -hydroxyethylamide  (I)  was  dried  in  a  vacuum 
desiccator  over  PiOj.  We  obtained  3.46  g  (73.9%)  of  compound  with  m.p.  200-201.5*. 

p-Diethylaminoanilide  (VII).  The  reaction  was  run  in  a  similar  manner.  We  took  4,6  g  of  the  chloride  In 
40  ml  of  dichloroethane,  5.2  g  of  N,N-diethyl-p-phenylenediamlne  sulfate,  and  13.6  g  of  NaHC03  in  50  ml  of 
ice  water.  The  orange  precipitate  was  filtered  and  washed  with  sodium  bicarbonate  solution  and  water.  After 
drying  in  a  vacuum  desiccator  over  F^Os  the  compound  weighed  7.05  g  (99.6%,  calculated  as  the  monohydrate). 
Depending  on  the  crystallization  conditions,  either  yellow-orange  or  orange-red  crystals  (the  latter  are  formed 
if  conventional  slow  crystallization  is  employed)  were  obtained  when  the  compound  was  recrystallized  from  alco¬ 
hol.  The  orange-red  crystals  contain  one  mole  of  crystallization  water,  soften  at  110-120*,  then  solidify,  soften 
again  at  160-170*,  after  which  they  solidify  and  melt  at  188-189*. 

Found  %  C  67.93J  H  6.37;  N  7.88.  CjoHmOsN,.  Calculated  %  C  67.63;  H  6.11;  N  7.91. 

If  the  compound  is  dried  at  160-170*  (3  mm)  over  f^Os,  it  melts  without  previous  softening  at  188-189* 

(see  table). 

Compound  (VII)  with  hydrochloric  and  sulfuric  acids  gives  colorless  salts,  which  are  moderately  soluble  in 
water,  and  suffer  hydrolysis  in  dilute  solutions.  In  acetone  solution  the  reaction  with  dimethyl  sulfate  goes  to 
completion  only  with  a  very  large  excess  of  the  latter.  The  obtained  colorless  quaternary  salt  partially  dissoci¬ 
ates  into  the  starting  components  when  dissolved  in  acetone. 

p-Dimethylaminoanilide  (VI).  Obtained  In  a  similar  manner,  starting  with  4.18  g  of  N,N-dimethyl-p- 
phcnyienediamlne  dihydrochToride.  The  yellow-orange  precipitate  was  dried  at  160-170*  (3  mm)  over  P^Oj, 
after  which  it  weighed  5.48  g  (87.3%),  and  had  m.p.  219-220*. 

Depending  on  the  crystallization  conditions,  recrystallization  from  alcohol  gave  either  yellow-orange  or 
dark  red  crystals;  the  latter  turn  yellow-orange  when  allowed  to  stand  with  alcohol.  For  analysis  (see  table),  the 
compound  was  dried  as  indicated  above. 

Carboxymethylamlde  (VIII).  The  reaction  was  run  the  same  as  for  the  preparation  of  toluidide  (II).  We 
took  2.09  g  of  the  chloride  in  20  ml  of  dichloroethane,  1.1  g  of  glycine,  0.84  g  of  sodium  bicarbonate  in  20  ml 
of  ice  water  and,  in  addition,  0.6  g  of  sodium  hydroxide.  The  reaction  mass  was  treated  with  10  ml  of  cold  hy¬ 
drochloric  acid  (1: 1),  after  which  the  precipitate  was  filtered,  washed  with  water,  alcohol  and  ether,  and  then 
dried  in  a  vacuum  desiccator  over  PjOg.  We  obtained  1.05  g  (82.9%)  of  compound  with  m.p.  221-221.5*. 

p-Carboxyanillde  (IX)  was  obtained  in  exactly  the  same  manner  (see  table). 

p-Sulfoanllide  (X).  Reaction  with  2.09  g  of  2-chromonecarboxyl  chloride  in  20  ml  of  dichloroethane, 

2.09  g  of  sulfanilic  acid  (dihydrate)  and  2.52  g  of  sodium  bicarbonate  in  15  ml  of  water  was  run  in  the  same 
manner  as  described  for  toluidide  (II).  The  reaction  mass  was  treated  with  10  ml  of  cone,  hydrochloric  acid, 
after  which  the  precipitate  was  filtered,  dissolved  in  20  ml  of  hot  water,  filtered,  treated  with  20  ml  of  cone, 
hydrochloric  acid,  and  then  cooled  rapidly.  The  yellow-green  precipitate  was  dried  over  KOH  and  P1O5.  We 
obtained  3.35  g  (97.4%)  of  compound  with  m.p.  295*  (decomp.).  To  purify  sulfoanilide  (X)  the  compound  was 
precipitated  in  turn  from  alcohol  and  water  solution  with  cone,  hydrochloric  acid. 

2-Chromonoylthioglycolic  acid  (XI).  For  reaction  we  took  2.09  g  of  the  chloride  in  20  ml  of  dichloroethane, 
1.1  g  of  thioglycolic  acid  and  2.52  g  o7  sodium  bicarbonate  in  30  ml  of  ice  water.  The  reaction  mass  was  treated 
with  10  ml  of  cold  hydrochloric  acid  (1: 1),  after  which  the  precipitate  was  filtered,  washed  thoroughly  with  water, 
and  then  dried  in  a  vacuum  desiccator  over  KOH  and  activated  carbon.  We  obtained  2.5  g  (96.8%)  of  compound 
with  m.p.  183-185*. 

N -2 -Chromonoyl-1 -cysteine  (XII).  The  reaction  was  tun  the  same  as  before.  We  took  8.36  g  of  the  chloride 
in  80  ml  of  dichloroethane,  5.32  g  of  1 -cysteine,  and  10.1  g  of  sodium  bicarbonate  in  60  ml  of  water.  At  reac¬ 
tion  end  the  mixture  was  treated  with  50  ml  of  cold  hydrochloric  acid  (1 : 1).  The  obtained  viscous  precipitate 
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crystallized  when  rubbed.  The  crystals  were  filtered,  washed  with  dilute  hydrochloric  acid,  water,  50%  alcohol 
and  ether  [8.47  g,  m.p.  163-164*(decomp.  )],  and  then  recrystallized  from  alcohol.  The  weight  of  compound 
(0.2  g  was  isolated  from  the  mother  liquor)  with  m.p.  170*  (decomp.)  was  6.0  g  (51.1%).  The  presence  of  free 
sulfhydryl  group  was  confirmed  by  reaction  (in  alcohol  solution)  with  either  iodine  or  ferric  chloride. 

p-Cresyl  ester  (XIII).  A  solution  of  2.09  g  of  2-chromonecarboxyl  chloride  in  20  ml  of  dichloroethane  was 
added  gradually,  with  ice  cooling,  to  1.08  g  of  p-cresol  in  a  solution  of  0.45  g  of  sodium  hydroxide  in  20  ml  of 
water.  Stirring  was  continued  for  another  30  minutes  and.  then  the  dichloroethane  layer  was  separated,  washed 
with  sodium  bicarbonate,  and  dried  over  sodium  sulfate.  Removal  of  the  solvent  left  2.05  g  (73.1%)  of  ester 
(XIH)  with  m.p.  90-94*. 

p-Nitrophenyl  ester  (XIV).  The  reaction  was  run  the  same  as  before.  For  experiment  we  took  2.09  g  of 
the  chloride  in  20  ml  of  dichloroethane,  1.39  g  of  p-nitrophenol,  and  0.45  g  of  sodium  hydroxide  in  60  ml  of 
water.  The  obtained  precipitate  was  filtered,  and  washed  with  sodium  bicarbonate  solution,  alcohol  and  ether. 
We  obtained  2.7  g  (86.7%)  of  ester  (XIV)  with  m.p.  223-224*. 

6 -Dimethylaminoethyl  ester  (XV).'  A  solution  of  2.09  g  of  2-chromonecarboxyl  chloride  in  20  ml  of  di¬ 
chloroethane  was  added  with  cooling  and  stirring  to  0.89  g  of  B  -dimethylaminoethanol  in  10  ml  of  dichloro¬ 
ethane.  The  colorless  precipitate  of  hydrochloride  (XV)  was  filtered,  washed  with  a  mixture  (1 : 1)  of  anhydrous 
alcohol  and  ether,  then  with  ether,  and  dried  in  a  vacuum-desiccator  over  P1O5.  We  obtained  2.56  g  (86.1%)  of 
compound  with  m.p.  186-188*. 

The  hydrochloride  of  the  6 -diethylaminoethyl  ester  of  2-chromonecarboxylic  acid  was  synthesized  in  a 
similar  manner,  yield  2.5  g  (76.8%),  and  m.p.  186-187*  (from  anhydrous  alcohol).  From  the  literature  [5);  m.p. 
187-189*,  obtained  from  2-chromonecarboxylic  acid  and  diethylaminoethyi  chloride,  yield  not  indicated. 

Preparation  of  N -trichloroacetyl-N*  -dimethyl-p-phenylenediamine.  For  reaction,  run  in  the  same 
manner  as  for  the  synthesis  of  anilide  (VII),  we  took  13.7  g  of  trichloroacetyl  chloride  in  100  ml  of  dichloro¬ 
ethane,  10.45  g  of  N,  N -dimethyl-p-phenylenediamine  dihydrochloride,  and  33.6  g  of  sodium  bicarbonate  in 
150  ml  of  water.  The  dichloroethane  solution  was  separated,  washed  with  water,  and  dried  over  sodium  sulfate. 
After  distilling  off  the  solvent  in  vacuo  we  obtained  11.3  g  (80%)  of  compound  with  m.p.  135-136*.  The  com¬ 
pound  was  purified  by  recrystallization  from  a  mixture  of  petroleum  ether  and  benzene  ( using  carbon).  Light 
straw-yellow  needles,  m.p.  136-137*. 

Found  %:  N  10.38;  Cl  38.21.  CioHuONjCl,.  Calculated  %:  N  9.97;  Cl  37.86. 

N-Trichloroacetyl-N’,N*-diethyl-p-phenylenediamine  was  synthesized  in  a  similar  manner,  m.p.  99.5- 
100*,  and  was  obtained  either  as  greenish  granules  or  as  nearly  colorless  needles. 

Found  %:  Cl  34.56.  CuHigONjClj.  Calculated  %:  Cl  34.37. 

SUMMARY 

1.  The  synthesis  of  15  new  derivatives  of  2-chromonecarboxylic  acid  was  accomplished. 

2.  It  was  found  that  the  color  of  the  anilides  of  2-chromonecarboxylic  acid  depends  on  the  nature  of  the 
substituent  in  the  benzene  ring  of  the  aromatic  amine  moiety. 
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SYNTHESIS  AND  PROPERTIES  OF  PYRROLIDINE  BASES 


VIL  SOME  ESTERS  OF  2-METHYL-N-0 -HYDROXYETHYLPYRROLIDINE 


A.  P.  Terent’ev,  M.  A,  Volodina,  V.  G.  Mishina 


and  I.  V.  Komissarov 
Moscow  State  University 


As  a  continuation  of  our  studies  on  the  hydroamination  of  y  -keto  alcohols  [1,  2],  we  reacted  y  -aceto- 
propyl  alcohol  (I)  with  ethanolamine  in  the  presence  of  formic  acid  and  obtained  2>methyl-N-6 -hydroxyethyl- 
pyrrolldlne  (II)  in  56%  yield. 

In  this  paper  we  discuss  the  synthesis  of  2 -methyl -N -0 -hydroxyethylpyrrolidlne  (II),  and  also  describe 
some  of  its  transformations.  By  reacting  (II)  with  thionyl  chloride  we  converted  it  to  the  hydrochloride  of  2- 
methyl-N-0 -chloroethylpyrrolidlne  (III),  and  then  to  the  free  base  (IV).  Reaction  of  (IV)  with  some  aromatic 
acids  led  to  the  corresponding  esters  (V),  which  were  isolated  as  the  hydrochlorides.  The  esters  of  2-methyl -N- 
0  -hydroxyethylpyrrolidine  were  obtained  in  this  manner,  and  specifically,  the  benzoate  (Va),  the  o-nitrobenzoate 
(Vb),  the  p-bromobenzoate  (Vc),  the  phenylacetate  (Vd),  the  cinnamate  (Ve),  and  the  salicylate  (VO. 


CH2-GH2 


CM,'- 


HGl 


ClIzOH 

(ll) 


'  CH3-'  ' 

\iv/ 


CHo-CHo-0-l;-H 


K  =  a)  r.ll,.  b>  o-NOiC.II,,  C)  p-BrC,H„  d)  C,H,CH„  e)  C,n,CH=CH,  f)  o-HOC,H.. 


A  description  of  the  obtained  esters  is  given  in  the  table. 

The  pharmacological  properties  of  the  obtained  esters  were  investigated  at  the  Pharmacology  Division  of 
the  Minsk  Medical  Institute. 

All  of  the  esters,  with  the  exception  of  the  phenylacetate  (Vd),  which  was  used  as  the  methiodide,  and  the 
o-nitrobenzoate  (Vb),  which  was  used  both  as  the  hydrochloride  and  the  methiodide,  were  tested  as  the  hydro¬ 
chloride.  Intraveneous  injection  into  dogs  of  water  solutions  of  the  indicated  compounds  in  a  dlsages  ranging 
from  1  to  8  mg  per  kg  of  live  weight  led  to  a  reduction  of  25  to  80  mm  (13  to  45%  of  the  original  value  of  the 
arterial  pressure)  in  the  blood  pressure.  The  duration  of  the  hypotensive  effect  ranged  from  5  to  35  minutes  for 
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the  different  preparations.  The  Introduction  of  vari¬ 
ous  substituents  In  the  ortho  and  para  positions  of  the 
benzene  ring  was  essentially  without  effect  on  the 
hypotensive  activity. 

Special  analysis  revealed  that  the  hypotensive 
action  exerted  by  the  Investigated  compounds  Is 
based  on  their  ability  to  terminate  In  the  vicinity  of 
the  vegetative  nodes  the  transmission  of  nerve  Im¬ 
pulses  to  the  blood  vessels  (ganglion-blocking  effect). 
An  Exception  is  the  clnnamate  (Ve),  which,  being 
essentially  devoid  of  ganglion-blocking  activity, 
lowers  the  blood  pressure  by  direct  weakening  effect 
on  the  smooth  muscles  of  the  blood  vessels  (an  action 
similar  to  that  exerted  by  papaverine). 

The  methiodlde  of  the  o-nltrobenzoate  (Vb), 
and  especially  the  methiodlde  of  the  phenylacetate 
(Vd)  and  the  clnnamate  (Ve),  exhibit  the  property  of 
preventing  a  reduction  In  the  blood  pressure  of  dogs 
after  the  injection  of  acetylcholine  (atropinelike 
effect).  This  atropinelike  effect  Is  observed  when 
the  Indicated  compounds  are  injected  In  doses  of  1-2.5 
mg/kg,  and  lasts  for  10-20  minutes. 

The  p-bromobenzoate  (Vc),  salicylate  (Vf)  and 
clnnamate  (Ve)  exhibit  local  anesthetic  action  (anes¬ 
thetizing  the  cornea  of  rabbits).  In  which  coimectlon 
the  activity  of  their  57°  solutions  Is  less  than  the  acti¬ 
vity  of  a  57onovocaine  solution  by  a  matter  of  12, 

11  and  7  times,  resp)ectlvely  (the  testing  was  done 
by  N.  A.  Iskarev). 

In  Its  pharmacological  properties  the  hydro¬ 
chloride  of  the  clnnamate  (Ve)  Is  similar  to  the 
domestic  benzaclne  (hydrochloride  of  ihe  dlmethyl- 
amlnoethyl  ester  of  benzlllc  acid)  and  to  the  foreign 
benactlzane  (hydrochloride  of  the  dlethylaminoethyl 
ester  of  benzlllc  acid),  both  of  which  find  clinical 
use  as  spasmolytic  (hypotensive)  agents  and  as  tran¬ 
quillizers,  removing  the  symptoms  of  fear  and  anxiety 
in  neurotic  cases  [3-5]. 

EXPERIMENTA  L 

We  started  with  technical  y  -acetopropyl  alcohol 
(I),  which  after  purification  had  the  following  con¬ 
stants: 

B.p.  114-115"  (30  mm),  n*®D  1.4395, 

1.0068,  MRd  26.69. 

Literature  [6]:  B.p.  115-116"  (30  mm);  MR^ 
1.4350. 

2-Methyl-N-6  -hydroxyethylpyrrolidine  (II). 

Into  a  distillation  flask,  fitted  with  thermometer, 
descending  Into  the  liquid,  and  a  receiver,  was  charged 
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20.2  g  of  y  -acetopropyl  alcohol.  30,6  g  of  ethanolamine,  10  ml  of  85%  formic  acid,  and  2  g  of  powdered  nickel 
(from  nickel  formate).  Reaction  began  at  110*  and  proceeded  with  the  copious  evolution  of  CO^.  At  the  stream 
of  evolved  CO^  subsided,  two  15  ml  portions  of  formic  acid  were  added  and  the  temperature  was  gradually  raised 
to  160*.  The  reaction  was  stopped  after  16  hours.  The  reaction  mixture  was  hydrolyzed  by  heating  for  2  hours 
with  100  ml  of  hydrochloric  acid,  then  neutralized  with  40%  NaOH  solution,  extracted  with  ether,  and  fractionated 
in  vacuo.  We  obtained  14  g  (56%)  of  (II). 

B.p.  70-71*  (6  mm),  n*®D  1.4700,  0.9582,  MR^  37.64.  C^HisON.  Calculated  37.73. 

Literature  [7]:  B.p.  72*  (8  mm),  ii?®D  1.4683. 

2-Methyl-N-6  -chloroethylpyrrolidine  ( IV)  and  Hydrochloride  (III).  The  method  described  f(X  the  synthesis 
of  N-6  -chloroethylpyrrolidine  was  used  [8].  A  charge  of  51  g  of  2-methyl -N-8  -hydroxyethylpyrrolldlne  (II)  in 
150  ml  of  chloroform  was  placed  in  a  three-necked  flask.  The  flask  was  cooled  in  an  ice-salt  mixture,  and  then, 
with  vigorous  stirring,  60  g  of  thionyl  chloride  was  added  slowly  from  a  dropping  funnel.  After  standing  for  12 
hours  the  reaction  mixture  was  treated  with  20  ml  of  anhydrous  methanol  and  the  whole  evaporated  in  vacuo. 

The  residue  crystallized  when  triturated  with  an  ethyl  acetate -ether  mixture  (1 ;  1).  Recrystallization  gave 
67  g  (93%)  of  hydrochloride  (III),  which  was  dissolved  in  30  ml  of  water  and  then  made  alkaline  with  saturated 
potassium  carbonate  solution.  The  floating  oil  was  extracted  with  ether,  dried,  and  fractionated  in  vacuo.  We 
obtained  49  g  of  free  base  (IV). 

B.p.  59-60*  (8  mm),  i^®D  1.4655,  64*®  0.9874,  MR  41.09.  C7H14NCI  Calculated  41.13. 

Literature  [9]:  B.p.  60-62*  (8  mm),  n*®D  1.4622. 

2-Methyl-N-B  -hydroxyethylpyrrolidine  Benzoate  (Va)  Hydrochloride.  To  prepare  the  esters  of  2-methyl- 
N-hydroxyethylpyrrolidine,  we  used  the  method  described  by  Horenstein  and  PShlicks  [10]  to  prepare  the  esters 
of  aliphatic  amino  alcohols. 

A  mixture,  composed  of  7.5  g  of  free  base  (IV)  and  6.1  g  of  benzoic  acid,  was  dissolved  in  35  ml  of  alcohol, 
after  which  the  solution  was  evaprorated  in  vacuo  at  45*.  The  residue  was  kept  for  2  hours  at  55*,  and  after  it  had 
solidified  it  was  ground  well  and  again  heated  at  90*  for  5  hours.  The  reaction  mass  was  dissolved  in  butanol, 
filtered  from  insoluble  material,  and  then  precipitated  with  ether.  Here  (Va)  crystallized  gradually. 

We  obtained  7.8  g  (56%)  of  (Va).  Methiodide,  m.p.  157-158"  (from  benzene). 

Found  %:  C  47.56,  43.39;  H  6.16,  6.04.  CigHaO^NL  Calculated  %  C  48.01;  H  5.91. 

SUMMARY 

1.  The  reaction  of  y  -acetopropyl  alcohol  with  ethanolamine  in  the  presence  of  formic  acid  gave  a  56% 
yield  of  2-methyl -N-6  -hydroxyethylpyrrolidine. 

2.  A  number  of  esters  of  2-methyl-N -6 -hydroxyethylpyrrolidine  were  synthesized,  and  specifically  the 
following:  benzoate,  o-nitrobenzoate,  p-bromobenzoate,  phenylacetate,  cinnamate,  and  salicylate. 
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SYNTHESES  USING  ACRYLONITRILE 


XXXIII.  CYANOETHYLATION  OF  p-CRESOL 

A,  N.  Kost,  B.  M.  Sheiman  and  A.  P.  Terent’ev 
Moscow  State  University 


Cyanoethylation  of  the  benzene  ring  proceeds  under  comparatively  drastic  conditions  and  with  a  low  yield 
(in  the  presence  of  aluminum  chloride),  but  replacing  the  acrylonitrile  by  8  -chloropropionltrile  permits  raising 
the  yield  several  fold  [1].  With  phenols  the  matter  is  more  complicated.  In  alkaline  medium  acrylonitrile  adds 
to  the  hydroxyl  group  with  the  formation  of  B -ary loxypropionltr lies,  but  in  the  case  of  phenols,  capable  of  yield¬ 
ing  tautomeric  derivatives,  cyanoethylation  under  such  conditions  proceeds  with  transfer  of  the  reaction  center 
to  the  ortho  position  of  the  benzene  ring  [2,  3].  In  the  presence  of  aluminum  chloride,  phenol  cyanoethylates  in 
the  para  position,  giving  a  small  amount  of  the  ortho  isomer  as  impurity,  which  during  reaction  suffers  cycllza- 
tlon  with  the  formation  of  dihydrocoumarin  [2,  4].  If  the  para  position  is  occupied  by  an  alkyl  group,  then, 
according  to  the  patent  literature  [2],  reaction  is  in  the  ortho  position,  but  in  small  yield.  Polyhydric  phenols 
(resorcinol,  orcinol,  phloroglucinol)  under  these  conditions  form  dihydrocoumarins  in  good  yields  [2,  5]. 

We  were  interested  in  the  possibility  of  synthesizing  6-alkylcoumarlns  from  the  corresponding  p-alkylphenols 
and  acrylonitrile.  In  connection  with  this  we  undertook  a  study  of  the  conditions  for  the  reaction  of  p-cresolwlth 
acrylonitrile  in  the  presence  of  aluminum  chloride. 

It  proved  that  the  reaction  fails  to  go  at  low  temperatures  (below  10*).  We  also  found  that  the  reaction 
•  could  not  be  run  in  carbon  tetrachloride  as  the  solvent.  Profound  tarring  occurs  when  the  reaction  is  run  in  nitro¬ 
benzene  in  the  presence  of  aluminum  chloride.  Without  solvent  (an  equimolar  mixture  of  p-cresol  and  acryloni¬ 
trile  was  first  saturated  with  hydrogen  chloride  and  then  an  equimolar  amount  of  aluminum  chloride  was  added), 
in  1  hour  at  80*,  the  reaction  went  only  to  the  extent  of  16%,  in  which  connection  half  of  the  product  was  Isolated 
as  6-methyl-3,4-dihydrocoumarin  (I).  The  other  half,  the  fraction  with  b.p.  128-133*  (10  mm),  was  a  mixture 
of  approximately  equal  amounts  of  dihydrocoumarin  (I)  and,  apparently,  nitrole  (II).  However,  we  were  unable 
to  isolate  the  latter  in  sufficiently  pure  form. 
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If  the  reaction  is  run  for  a  longer  time  (9  hours,  100*),  and  either  the  amount  of  acrylonitrile  or  aluminum 
chloride  is  increased,  then  the  total  yield  fails  to  suffer  essential  change,  but  nearly  all  of  the  6 -(2-hydroxy-5- 
methylphenyl)propionltrile  (II)  cyclizes.  Conversely,  short  heating  at  200*  gave  only  a  liquid  fraction  with  b.p. 
128-133*  (10  mm).  As  a  result.  Increasing  the  reaction  time  leads  to  the  predominant  formation  of  lactone  (I). 

If  the  acrylonitrile  Is  replaced  by  B -chloropropionltrile,  then  with  an  equivalent  ratio  of  the  components 
(6  hours,  95-130*)  the  total  yield  of  mixture  (I)  and  (II)  does  not  exceed  11%.  However,  if  p-cresol,  B-chloro- 
propionitrile  and  aluminum  chloride  are  taken  in  the  molar  ratio  1:5:3,  and  the  heating  is  for  3  hours  at  95-115* 
and  for  7.5  hours  at  120-140*,  then  the  yield  of  nitrile  (H)  is  4.3%,  and  that  of  lactone  (I)  is  41.4%.  Increasing 
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the  reaction  time  to  30  hours  causes  both  the  yield  and  the  ratio  of  the  reaction  products  to  change  slightly 
[3.4% of  (II)  and  45.4%  of  (I)].  The  6-methyl-3,4-dlhydrocoumarin  (I)  obtained  in  the  manner  indicated  above 
had  m.p.  79.0-79.5*,  which  is  not  in  agreement  with  the  data  given  in  the  literature. 

In  1925  Thompson  and  Edee  [6)  indicated  that  the  heating  of  p-cresol  with  succinic  acid  (in  the  presence 
of  sulfuric  acid)  gave  a  substance  with  m.p.  71-72*,  the  structure  of  which  was  not  proved,  but  which  was  postu¬ 
lated  to  be  lactone  (1).  When  this  experiment  was  repeated  we  failed  to  obtain  the  indicated  substance  (instead 
the  original  cresol  and  succinic  acid  were  isolated).  The  same  paper  [6]  also  describes  the  reduction  of  an  alco¬ 
hol  solution  of  6-methylcoumarin  with  30%  sodium  amalgam,  in  which  connection  the  isolated  substance  with 
m.p.  225*  was  more  reliably  assigned  the  structure  of  6-methyl-3,4-dihydrocoumarin.  However,  it  is  known 
that  only  in  dilute  solutions  does  the  reduction  of  coumarins  with  sodium  amalgam  go  smoothly  with  the  addi¬ 
tion  of  2  atoms  of  hydrogen  and  the  simultaneous  cleavage  of  the  lactone  ring  [7],  whereas  in  concentrated  solu¬ 
tions  there  also  occurs  a  doubling  of  the  molecules,  so  that  the  obtained  acids  on  lactonization  form  bis-dihydro- 
coumarins  [8],  The  latter  have  melting  points  above  200*,  whereas  the  dihydrocoumarins  melt  below  100*  [9]. 

Our  compound  (I)  shows  the  typical  properties  of  a  3,4-dihydrocoumarin.  It  falls  to  titrate  in  the  cold 
with  O.IN  alkali  solution,  but  when  heated  it  suffen  cleavage  of  the  ring,  giving  the  salt  of  5-methylmelilotic 
acid  (HI).  Also,  reaction  of  (I)  with  alcoholic  ammonia  solution  readily  gives  the  amide  of  this  acid  (IV).  When 
6-methylcoumarin  was  reduced  with  4%  sodium  amalgam  (in  dilute  solution)  we  obtained  a  compound  with 
m.p.  78.5-79.0"  and  a  molecular  weight  of  156.2,  which  corresponded  to  the  monomer,  and  proved  to  be  identi¬ 
cal  with  the  (I)  obtained  in  the  cyanoethylation  of  p-cresol.  As  a  result,  the  structure  of  the  obtained  lactone 
(I)  was  proved.  At  the  same  time  we  isolated  10  mg  of  a  substance  with  m.p.  225-226*,  proving  to  be  identical 
with  that  described  earlier  [6],  and  apparently  having  the  structure  of  bis-dihydrocoumarin  (V). 
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An  attempt  to  repeat  the  experiment  (see  [6])  on  the  reduction  of  a  more  concentrated  solution  of  6-methyl¬ 
coumarin  in  aqueous  alcohol  with  307o  sodium  amalgam  for  the  purpose  of  obtaining  a  larger  quantity  of  (V) 
proved  unsuccessful.  Only  lactone  (I)  was  obtained  under  the  conditions  used  by  us.  An  apparent  explanation 
for  this  Is  that  the  experimental  details  (amount  of  alcohol,  temperature,  reaction  time,  pH  of  the  medium), 
omitted  In  the  paper  by  Thompson  and  Edee,  exert  a  decisive  Influence  on  the  course  of  the  reaction.  At  the 
present  time  it  is  known  (see,  for  example,  [10])  that  the  reductive  dimerization  of  a,8 -unsaturated  acids  and 
their  derivatives  when  reacted  with  metal  (Li,  K,  Na)  amalgams  is  a  general  phenomenon.  Reductive  dimeriza¬ 
tion  and  ordinary  hydrogenation  of  the  double  bond  are  concurrent  reactions,  in  which  connection  the  optimum 
conditions  for  progress  of  the  former  are  as  follows;  absence  of  alcohol,  acid  medium,  and  lithium  amalgam. 

For  the  alkali  metal  amalgams  the  reactivity  (with  respect  to  reductive  dimerization)  increases  from  sodium 
amalgam  to  lithium  amalgam.  In  view  of  the  fact  that  we  ran  our  reaction  in  alkaline  medium,  in  the  presence 
of  a  substantial  amount  of  alcohol,  and  used  sodium  amalgam,  reductive  dimerization  practically  did  not  occur, 
in  which  connection  the  use  of  4%  sodium  amalgam,  due  to  the  lower  alkalinity  of  the  medium  and  the  smaller 
amount  of  alcohol  present,  gave  a  small  amount  of  (V),  whereas  with  30%  sodium  amalgam  it  was  not  obtained 
at  all. 
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EXPERIMENTA  L 


Cyanoethylatlon  of  p-Cresol.  Into  a  three-necked  flask,  fitted  with  a  stirrer,  reflux  condenser,  thermo¬ 
meter,  and  protected  with  a  calcium  chloride  tube,  was  charged  10.8  g  of  p-cresol  and  44.8  g  of  6-chloropro- 
pionltrile,  and  then  40  g  of  freshly  sublimed  anhydrous  aluminum  chloride  was  added  in  small  portions,  main¬ 
taining  the  temperature  in  the  flask  at  about  20*  (ice  cooling).  After  heating  (3  hr  at  95-115*,  7  hr  at  120-130*, 
and  0.5  hr  at  140*),  the  mixture  was  cooled  to  room  temperature  and  then  poured  into  a  mixture  of  ice  and 
hydrochloric  acid.  The  whole  was  then  extracted  several  times  with  ether,  the  extracts  dried  over  magnesium 
sulfate,  the  ether  distilled  off,  and  the  residue  was  vacuum-distilled.  Unreacted  B -chloroproplonltrile  and 
p-cresol  (38.1  g)  came  over  at  the  start,  and  then  the  following  two  fractions  were  collected:  Ist,  1.4  g,  greenish 
liquid  with  b.p.  128-133*  (10  mm),  n*®D  1.5345,  di*®  1.1563;  2nd,  6  g  (37%),  b.p.  150-155*  (10  mm),  m.p.  70-73*. 
Several  recrystallizations  from  aqueous  alcohol  and  octane  gave  6-methyl-3,4-dihydrocoumarin  (I)  as  prismatic 
crystals  with  m.p.  79.0-79.5*. 

Found  %:  C  73.85,  73.91;  H  6.34,  6.43.  CjoHioO^.  Calculated  %:  C  74.05;  H  6.22. 

The  compound  is  readily  soluble  in  alcohol,  ether,  chloroform  and  carbon  tetrachloride,  moderately  solu¬ 
ble  in  n-octane,  and  difficulty  soluble  in  petroleum  ether  and  in  boiling  water.  In  the  cold  it  is  insoluble  in  IN 
sodium  carbonate  and  sodium  hydroxide  solutions,  but  it  gradually  dissolves  in  30%NaOH  solution.  Lactone  (I) 
must  be  kept  in  sealed  ampuls,  since  on  standing  in  the  air  it  suffers  partial  cleavage  of  the  lactone  ring  with  the 
formation  of  5-methylmelllotic  acid,  which  was  shown  by  titration  with  O.IN  alkali  solution,  and  from  the  ele¬ 
mentary  analysis  data  (decrease  in  the  C  percent  and  increase  in  the  H  content). 

The  1st  fraction  with  b.p.  128-133*  (10  mm)  contained  approximately  equal  amounts  of  lactone  (I)  (iso¬ 
lated  by  freezing  out;  after  recrystallization  it  proved  to  be  identical  with  the  above  described  6-methyl-3,4- 
dihydrocoumarln)  and  a  greenish  liquid,  from  which  traces  of  lactone  (I)  were  removed  by  shaking  for  10  minutes 
with  25%  alcoholic  ammonia  solution.  After  redistillation,  nitrile  (II)  had  the  following  constants: 

B.p.  130-132*  (10  mm),  n*®D  1.5440,  di*®  1.1138,  MRp  46.69;  calc.  46.12. 

In  a  similar  experiment,  from  10.8  g  of  p-cresol  and  9.8  g  of  acrylonitrile  (previously  saturated  with  dry 
HCl)  and  18.7  g  of  aluminum  chloride,  after  heating  (2.5  hr  at  120-130*  and  5  min  at  200*),  decomposition, and 
distillation,  we  isolated  only  4.63  g  of  a  fraction  with  b.p.  128-133’  (10  mm). 

B  -(5-Methyl -2-hydroxyphenyl)propionic  Acid  (III).  To  a  solution  of  1.22  g  of  lactone  (I)  in  18  ml  of  alco¬ 
hol  was  added  18  ml  of  10%  aqueous  sodium  hydroxide  solution,  the  whole  refluxed  for  2  hr,  then  cooled,  extracted 
several  times  with  ether,  the  water  solution  acidified  with  20%  sulfuric  acid,  and  the  separated  acid  (III)  again 
extracted  with  ether.  For  purification  the  acid  was  extracted  from  the  ether  with  3%  sodium  carbonate  solution, 
the  carbonate  solution  acidified,  the  acid  again  extracted  with  ether,  and  the  ether  evaporated.  After  drying  in 
vacuo  we  obtained  1.37  g  (100%)  of  acid  (III)  as  prismatic  crystals.  M.p.  83.5-84’  [from  a  mixture  of  benzine 
and  benzene  (2 : 1)]. 

Found  %:  C  66.72,  66.83;  H  6.74,  6.88.  M  180.6.  CjoHuO,.  Calculated  %:  C  66.64;  H  6.65;  M  180.2. 

The  compound  is  readily  soluble  in  ether  and  alcohol,  and  moderately  soluble  in  cold  water.  It  gives  a 
yellow-green  color  with  ferric  chloride  solution. 

B -(5-Methyl-2-hydroxyphenyl)propionamide  (IV).  To  a  solution  of  3.25  g  of  6 -methyl-3, 4 -dihydrocou- 
marin  (I)  in  6.5  ml  of  alcohol  was  added  20  ml  of  concentrated  aqueous  ammonia  solution,  and  the  whole  was 
shaken  on  a  shaker  for  10  minutes.  The  reaction  mixture  was  transferred  to  a  crystallizing  dish,  where  the  am¬ 
monia  was  allowed  to  evaporate  freely  (for  3  hours),  and  here  handsome  colorless  plate  crystals  of  amide  (IV) 
deposited,  which  were  washed  with  water,  then  with  benzene  (after  drying  on  the  filter),  and  dried  in  a  vacuum 
oven.  The  yield  was  quantitative,  m.p.  113-113.5’  (from  either  water  or  benzene). 

Found  %  C  67.07,  67.13;  H  7.43,  7.52;  N  7.79,  7.85.  CioHijOiN.  Calculated  %  C  67.07;  H  7.31;  N  7.82. 

Amide  (IV)  is  readily  soluble  in  hot  water,  moderately  soluble  in  boiling  benzene,  and  practically  Insoluble 
in  ether  and  cold  water.  Its  water  solution  shows  neutral  to  litmus,  and  it  gives  a  green  color  with  aqueous  ferric 
chloride  solution. 
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Reduction  of  6-Methylcoumarin 

6-MethyIcoumarin  was  synthesized  from  p-cresol  and  maleic  acid  [6],  and  was  purified  either  by  recry¬ 
stallization  from  aqueous  alcohol,  followed  by  chromatographing  on  aluminum  oxide  and  then  elution  with  a 
mixture  of  benzene  and  petroleum  ether,  or  by  2-fold  fractional dstillation  in  vacuo.  In  both  cases  the  purified 
compound  had  m.p.  71.5-72.0*.  Literature:  m.p.  71-72*  [6],  and  73-74*  [11]. 

The  obtained  6-methylcoumarin  fails  to  react  in  the  cold  with  alcoholic  ammonia  solution. 

Reduction  of  6-Methylcoumarin  With  4*70  Sodium  Amalgam.  To  a  solution  of  0.5  g  of  6-methylcoumarln 
in  70  mi  of  aicr^of  was  added  140  ml  of  water,  and  then  12.5  g  of  4%  sodium  amalgam  was  added  gradually 
(in  6  hr)  in  small  portions,  maintaining  the  temperature  of  the  mixture  between  40  and  60*.  After  cooling,  the 
mixture  was  acidified  with  20%  sulfuric  acid,  extracted  3  times  with  ether,  and  the  combined  ether  extract  washed 
several  times  with  3%  aqueous  sodium  carbonate  solution.  Evaporation  of  the  ether  left  0.02  g  of  unreacted 
6-methylcoumarin  with  m.p.  71.5-72.0*.  The  sodium  carbonate  extracts  were  acidified,  extracted  with  ether, 
the  ether  distilled  off,  and  after  drying  in  a  vacuum  we  obtained  0.54  g(96%)  of  acid  (III)  with  m.p.  83.5-84* 

(from  a  mixture  of  gasoline  and  benzene).  The  mixed  melting  point  with  the  above  described  5-methylmelilotlc 
acid  was  not  depressed.  Vacuum  distillation  of  acid  (III)  gave  lactone  (I)  with  b.p.  140-142*  (8  mm),  and  m.p. 
78.5-79.0*  (from  n-octane).  Its  mixed  melting  point  with  the  (I)  obtained  in  the  cyanoethylatlon  of  p-cresol  was 
not  depressed.  Treatment  with  alcoholic  ammonia  solution  gave  the  amide  with  m.p.  113-113.5*,  which  failed 
to  depress  the  melting  point  when  mixed  with  the  amide  (IV)  described  above.  Cryoscoplc  determination  (in 
benzene)  of  the  molecular  weight  of  lactone  (I)  gave  a  value  of  156.2  (CigHioOi.  Calculated  162.2).  The  residue 
in  the  flask  from  the  distillation  of  lactone  (I)  was  recrystallized  from  alcohol  and  gave  10  mg  of  substance  with 
m.p.  225-226*  [6]. 

Reduction  of  6-Methylcoumarin  With  30% Sodium  Amalgam.  To  a  solution  of  3.5  g  of  6-methylcoumarin 
in  100  ml  of  alcohol  and  40  ml  of  water,  in  a  CO^  atmosphere,  was  added  70  g  of  30%  sodium  amalgam  in  3  hours. 
The  reaction  mixture  was  heated  for  5.  5  hours  at  80*,  and  then  allowed  to  stand  for  a  day  at  room  temperature. 
After  working  up  as  described  above  we  isolated  1.03  g  of  starting  6-methylcoumarin  and  2.45  g  (62.3%)  of  acid 
(III)  with  m.p.  83.5-84*,  from  which  we  obtained  lactone  (I)  with  m.p,  79.0-79.5*  on  vacuum  distillation. 

SU  MMARY 

The  conditions  for  the  nuclear  cyanoethylatlon  of  p-cresol  were  studied.  The  synthesis  of  5-methylmelilotic 
acid  and  its  derivatives,  including  6-methyl-3,4-dihydrocoumarin,  was  described. 
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SYNTHESIS  OF  2,6,10,14,18.22-HEXAMETHYL-2.6.10,14,18,23- 
TETRACOSAHEXAEN-22-OL  -  F  A  RN  ES  Y  LN  ERO  LID  O  L 

G.  A.  Vorob'eva,  I.  K.  Sarycheva  and  N.  A.  Preobrazhenskil 
The  M.  V.  Lomonosov  Institute  of  Fine  Chemical  Technology  (Moscow) 


Besides  rubber  and  gutta,  natural -occurring  compounds  of  the  terpene  series,  or  Isoprene  polymers,  also 
Include  farnesylfarnesol,  C30H50O,  the  main  constituent  of  8 -phylloquinone  (vitamin  Kj  group)  [1],  solanesoi  [2], 
C30H50O,  and  other  polyterpenes. 

The  presence  of  double  bonds  and  methyl  groups  determines  the  geometric  Isomerism  of  these  compounds, 
with  which  both  their  physicochemical  and  biological  properties  are  linked.  Cls-trans  Isomerism  creates  a  num¬ 
ber  of  difficulties  In  accomplishing  a  stereospecific  synthesis  of  such  Isoprenold  compounds,  since  Interconversions 
of  stereo  structures  are  frequently  observed  in  the  course  of  the  chemical  reactions  involved,  leading  to  a  mixture 
of  isomers. 


In  this  paper  we  describe  the  synthesis  of  2,6,10,14,18,22-hexamethyl-2,6,10,14,18,23-tetracosahexaen-22- 
ol,  or  farnesylnerolldol  (I),  by  the  condensation  of  8  ,y  -unsaturated  alcohols  with  acetoacetic  ester  [3]. 

The  stanlng  material  for  the  desired  synthesis  was  2,6,10-trlmethyl-2,6,ll-dodecatrien-10-ol,  or  nerolidol 
(II)  [4].  The  successive  creation  of  the  Isoprenold  linkages  present  In  farnesylnerolldol  (I)  was  accomplished  by 
the  use  of  three  monotypical  methods,  including  the  synthesis  of  ketones  using  either  acetoacetic  ester  or  dlketene, 
condensation  with  acetylene,  and  selective  hydrogenation. 
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2.6.10- Trlmethyl-2,6,ll-dodecaulen-10-ol  (II)  was  reacted  with  acetoacetlc  ester.  Condensation  of  the 
thus  obtained  2,6,10-trimethyl-2,6,10-pentadecatrien-14-one  (III)  with  sodium  acetylide  gave  2,6,10,14-tctra- 
methyl-2,6,10-hexadecatrien-15-yn-14-ol  (IV),  which  was  selectively  hydrogenated  in  the  presence  of*  palladium 
catalyst  [4]  to  2,6,10, 14-tetramethyl-2,6,10,15-hexadecatetraen-14-ol  (V).  Alcohol  (V)  was  subjected  to  an 
analogous  cycle  of  transformations.  Here  2,6,10,14-tetramethyl-2,6,10,14-nonadecatetraen-18-one  (VI),  2,6, 
10,14, 18“pentamethyl-2,6,10,14-elcosatetraen-19-yn-18-ol  (VII)  and  2,6,10,14,18-pentamethyl-2,6,10,14,19- 
eicosapentaen-18-ol  (VIII)  were  synthesized  in  succession.  The  transition  from  (VIII)  to  famesylnerolidol  (I) 
included  the  stages  of  synthesizing  2,6,10,14,18-pentamethyl-2,6,10,14,18-tricosapentaen-22-one  (IX)  and  2,6, 
10,14,18,22-hexamethyl-2,6,10,14,18-tetracosapentaen-23-yn-22-ol  (X). 

EXPERIMENTAL 

2.6.10- Trimethyl-2,6,11  -dodecatrien-lO-ol  (U)  (b.p.  113-114’  at  3  mm,  ds*®  0.8782,  i^®D  1.4780,  MRp 
71.69;  calc.  71.59)  was  obtained  by  us  from  2-methyf-3-butyn-2-ol  [(XI),  R  =  R’=CHj]  (b.p.  43-45*  at  85  mm) 
via  2-methyl-2,4-heptadien-6-one  [(XII),  R  =  R’  =CH3]  (b.p.  85-86*  at  10  mm,  n*®D  1.5290,  Xq^^x  290  mp, 

e  27600)  and  then  by  an  analogous  method  using  the  scheme  described  in  [5],  worked  out  for  the  given  case  by 
G.  I.  Samokhvalov,  L.  V.  Vakulova  and  one  of  the  authors  of  the  present  paper. 
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2,6,10-Trimethyl-2,6,10-pentadecatrien-14-one  (III).  A  mixture  of  90  g  of  nerolidol  (II)  and  200  g  of 
acetoacetlc  ester  was  heated  in  a  stream  of  nitrogen  at  155-160*  for  55  hours.  Then  the  excess  acetoacetic  ester 
was  distilled  from  the  reaction  mass,  and  the  residue  was  fractionally  distilled.  Yield  69.2  g  (65.16*^. 

B.p.  120-121*  (0.45  mm),  ds*®  0.8835,  n*®D  1.4811,  MRp  84.53;  calc.  83.93. 

Found  %:  C  82.80;  H  11.31.  CnHjoO.  Calculated  %:  C  82.39;  H  11.53. 

IR -Spectrum:  3400  (very  weak),  2900  (very  strong),  1720  (very  strong),  1465  (very  strong),  1430  (very 
weak),  1395  (strong),  1220  (weak),  1165  (medium),  1125  (very  weak),  1085  (very  weak),  840  (weak),  805  (weak), 
740  (weak)  cm"'. 
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2.6.10.14- Tetramethyl-2,6,10-hexadecatrlen-15-yn-14-ol  (IV).  A  solution  of  105  g  of  2,6,10-trlniethyl- 
2,6,10-pcntadecatrlen-14-one  (III)  In  100  ml  of  absolute  ether  was  added  in  1  hour  to  sodium  acetyllde,  pre¬ 
viously  prepared  from  20.1  g  of  sodium  and  dry  acetylene  in  600  ml  of  liquid  ammonia.  The  reaction  mixture 
was  stirred  for  3  hours,  and  then  allowed  to  stand  for  24  hours  at  18-19*.  The  obtained  thick  dark  yellow  mass 
was  treated  with  250  ml  of  Ice  water  and  then  acidified  with  100  ml  of  sulfuric  acid  (d  1.395)  to  pH  6.6.  The 
obtained  upper  layer  was  separated,  while  the  reaction  product  In  the  lower  layer  was  extracted  with  300  ml  of 
ether.  The  combined  ether  extracts  were  dried  over  sodium  sulfate.  The  residue  after  removal  of  the  solvent 
was  distilled.  Yield  70  g  (60.68%). 

B.p.  138-139*  (0.65  mm);  d^*®  0.8790,  n*"D  1.4850,  MRp  94.01;  calc.  92.62. 

Found  %.  C  83.46;  H  11.30.  CjoHjjO.  Calculated  %!  C  83.26;  H  11.18. 

2j^6^10,14-Tetramethyl-2,6,10,16-hexadecatetraen-14-ol  (V).  Ten  grams  of  2,6,10,14-tetramethyl-2,6, 
10-hexadecatrren-15-yn-14-ol  (IV)  in  40  ml  of  petroleum  ether  (b.p.  80-105*)  was  hydrogenated  at  19*  and  760 
mm  In  the  presence  of  1  g  of  palladium  catalyst  and  0.1  g  of  quinoline,  with  mechanical  agitation.  The  hydro¬ 
genation  practically  ceased  after  770  ml  of  hydrogen  had  been  absorbed.  The  catalyst  was  filtered  and  washed 
with  40  ml  of  ether.  The  combined  filtrates  were  washed  In  succession  with  sulfuric  acid  (d  1.032)  and  sodium 
bicarbonate  solution,  and  then  dried  over  sodium  sulfate.  The  residue  after  distilling  off  the  solvent  was  frac¬ 
tionally  distilled.  Yield  9.6  g  (89.9%). 

B.p.  115-116“  (0.3  mm),  d4*®  0.8744,  n*®D  1.4820,  MRp  94.69;  calc.  94.22. 

Found  %:  C  82.77,  82.78;  H  11.56,  11.67.  C,oH840.  Calculated  %  C  82.69i  H  11.80. 

IR-spectrurn:  3400  (medium),  2900  (very  strong),  1715  (strong),  1660  (weak),  1460  (strong),  1390  (strong), 
1295  (weak),  1260  (weak),  1175  (medium),  1125  (medium),  1000  (weak),  920  (weak),  820  (weak)  cm"l. 

2.6.10.14- Tctramethyl-2,6,10,14-nonadecatetraen-18-one  (VI).  A  mixture  of  28  g  of  2,6,10,14-tetra- 
methyi-2,6,10,15-hexadecatctraen-i4-ol  (V)  and  50  g  of  acetoacetlc  ester  was  heated  in  a  stream  of  nitrogen 
at  160-165*  for  55  hours.  The  yield  of  ketone  (VI)  was  15  g  (47.1%). 

B.p.  122-124*  (0.25  mm),  di*®  0.8826,  n*®D  1.4828,  MR^,  106.9;  calc.  106.56. 

Found  %:  C  83.20,  83.33;  H  11.51,  11.41.  CjaHajO.  Calculated  %:  C  83.58;  H  11.60. 

IR-spectrum:  3400  (strong),  2900  (very  strong),  1715  (very  strong),  1465  (strong),  1390  (weak),  1275  (weak), 
1180  (weak),  900  (weak),  840  (weak),  765  (weak)  cm"i. 

2.6.10.14.18- Pentamethyl-2,6,10,14-eIcosatetraen-19-yn-18-ol  (VII).  A  solution  of  15  g  of  2,6,10,14- 
tetramethyl-2,6,10,14-nonadecatetraen-18-one  (VI)  In  20  ml  of  absolute  ether  was  added  in  25  minutes  to 
sodium  acetylide  (prepared  from  2.4  g  of  sodium  and  acetylene  in  100  ml  of  liquid  ammonia).  The  reaction 
mixture  was  stirred  for  2  hours,  and  then  allowed  to  stand  for  15  hours  at  20*.  The  workup  was  the  same  as 
described  for  the  preparation  of  2,6,10,14-tetramethyl-2,6,10,15-hexadecatetraen-14-ol  (V).  The  yield  of 
acetylenic  alcohol  (VII)  was  10.1  g(61.8%). 

B.p.  132-137*  (0.25  mm),  d**®  0.8820,  n*®D  1.4892,  MRd  116.6;  calc.  115.3. 

Found  %:  C  84.19,  84.49;  H  11.78,  11.64.  C25H40O.  Calculated  %;  C  84.20;  H  11.31. 

2.6.10.14.18- Pentamethyl-2,6,10,14,19-elcosapentaen-18-ol  (VIII).  Ten  grams  of  2,6, 10,14 ,18 -penta - 
methyl-2, 6,10,14-eicos^etraen-19-yn-18-ol  (VII)  In  30  ml  of  petroleum  ether  was  hydrogenated  at  20*  In  the 
presence  of  1.5  g  of  palladium  catalyst  and  0.08  g  of  quinoline.  Yield  9.1  g  (90.4%). 

B.p.  138-140*  (0.32  mm),  d**®  0.8748,  n*®D  1.4846,  MRp  117.4;  calc.  116.84. 

Found  7o:  C  83.83;  H  12.10.  CjgHijO.  Calculated  %:  C  83.73;  H  11.81. 

IR-spectrum:  3400  (strong),  2900  (very  strong),  1725  (medium),  1660  (weak),  1465  (very  strong),  1390 
(very  strong),  1285  (weak),  1165  (weak),  1000  (weak),  910  (weak),  840  (weak),  760  (weak)  cm"l. 

2. 6.10.14. 18- Pentamethyl -2,6,10, 14, 18-trlcosapentaen-22 -one  (DC).  (IX)  was  obtained  by  heating  12  g 
of  2,6,10,14,18-pentamethyl-2,6,10,14,19-eicosapentaen-18-ol  (VIII)  and  20  g  of  acetoacetlc  ester  in  a  nitrogen 
stream  at  175-180*  for  55  hours.  The  yield  of  (IX)  was  6  g  (44.99%). 
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B.p.  134-138*  (0.4  mm),  6^**  0.8790,  n*®D  1.4838,  MRd  129.70;  calc.  129.18. 

Found  C  84.16;  H  11.40.  C;ttH4«0.  Calculated  %;  C  84.36;  H  11.63. 

IR-ipectrum:  3400  (weak),  2900  (very  strong),  1730  (strong),  1616  (weak),  1466  (very  strong),  1390 
(medium),  I330(weak),  1276  (weak),  1176  (weak),  1120  (weak),  1060  (weak),  980  (weak),  900  (weak),  836  (weak), 
760  (weak),  710  (weak)  cm"l. 

2^6,10,14,18,22-Hexamethyl -2,6,10,14 ,18-tetracosapentaen-23-yn-22-ol  (X).  Alcohol  (X)  was  synthesized 
In  the  same  manner  as  2,6,10,14-tetrametliyl-2,6,10-hexadecatrlen-16-yn-14-ol  (IV)  and  2,6,10,14,18-penta- 
methyl-2,6,10,14-eicosatetraen-19-yn-18-ol  (VII)  from  10  g  of  2,6,10,14,18-pentamethyl-2,6,10,14,18-trlcosa- 
pentaen-22-one  (IX),  1.4  g  of  sodium  In  120  ml  of  liquid  ammonia,  and  excess  acetylene.  The  yield  of  (X) 
was  4  g  (37.66%). 

B.p.  137-140*  (0.4  mm),  ds*®  0.8814,  n*®D  1.4860.  MRp  138.10;  calc.  137.93. 

Found  %:  C  84.99;  H  11.36.  C,oH4sO.  Calculated  %:  C  84.84;  H  11.40. 

2,6,10,14, 18,22-Hexamethyl-2,6,10,14,18,23-tetracosahexaen-22-ol  (I).  Four  grams  of  2,6,10,14,18,22- 
hexamethyl-2,6,10,14,18-tetracosapentaen-23-yn-22-oi  (X)  In  26  ml  of  petroleum  ether  was  hydrogenated  In 
the  same  manner  as  (IV)  and  (VII)  at  22*  In  the  presence  of  1.4  g  of  palladium  catalyst  and  0.04  g  of  quinoline. 
Yield  3.6  g  (87.6%). 

B.p.  124-126*  (0.3  mm),  (I**®  0.8696,  n*®D  1.4830,  MRp  140.20;  calc.  139.46. 

Found  %:  C  84.66,  84.60;  H  11.69,  11.62.  CjoHjoO.  Calculated  %;  C  84.46;  H  11.81. 

IR -spectrum:  3400  (medium),  2900  (very  strong),  1730  (weak),  1660  (weak),  1466  (very  strong),  1390 
(strong),  1330  (weak),  1280  (weak),  1170  (weak),  1120  (weak),  1000  (medium),  940  (weak),  906  (medium),  830 
(medium),  760  (weak)  cm"^. 


SUMMARY 

1.  The  total  synthesis  of  2,6,10,14 ,18,22-hexamethyl -2, 6,10,14 ,18,23-tetracosahexaen-22-ol  (farnesyl- 
nerolldol)  was  accomplished. 

2.  In  the  course  of  the  synthesis  the  following  compounds  were  Isolated  and  characterized:  2,6,10-trl- 
methyl-2,6,10-pentadecatrlen-14-one;  2,6,10,14-tetramethyl-2,6,10-hexadecatrlen-16-yn-14-ol;  2,6,10-14- 
tetramethyl-2,6,10,16-hexadecatetraen-14-ol;  2,6,10,14-tetramethyl-2,6,10,14-nonadecatetraen-18-one:2,6, 

10.14.18- pentamethyl-2,6,10,14-elcosatetraen-19-yn-18-ol:  2, 6,10,14 ,18-pentamethyl-2,6,10, 14,1 9-elcosa- 
pentaen-18-ol;  2,6,10,14 ,18-pentamethyl-2,6,10,14,18-trlcosapentaen-22-one;  2,6,10,14,18,22-hexamethyl- 

2. 6.10.14 .18- tetracosapentaen-23-yn-22-ol. 
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SYNTHESIS  OP  9 , 1  2  -  OCT  A  D  EC  A  D  IE  N  OIC  ACID 

I.  K.  Sarycheva,  G.  I.  Myagkova  and  N.  A.  Preobr azhenskii 
The  M.  V.  Lomonosov  Institute  of  Fine  Chemical  Technology  (Moscow) 


Llnolelc  acid  (I),  as  a  complex  with  other  natural -occunlng  unsaturated  acids  of  the  aliphatic  series, 
namely  llnolenlc  and  arachldonlc  acids,  Is  known  In  medical  practice  as  Vitamin  P  [1].  Together  with  other 
preparations.  It  is  used  in  the  treatment  of  certain  ailments  connected  with  Interference  In  the  exchange  of 
materials  [2],  and  It  is  also  recommended  as  an  agent  for  increasing  the  resistance  of  the  organism  to  infectious 
diseases  [3]  and  x-ray  irradiation  [4],  Triglycerides,  containing  llnolelc  acid  radicals,  are  the  main  constituent 
of  sunflower  oil,  and  also  of  a  number  of  other  vegetable  oils.  The  known  methods  for  the  synthesis  of  llnolelc 
acid  (I)  are  either  based  on  the  use  of  difficulty  available  raw  materials,  or  Include  laborious  steps  [5]. 

We  were  able  to  synthesize  9,12-octadecadlenolc  acid  (I)  from  10-undecylenlc  acid  (undecylenlc  acid) 
and  l-heptanal  (enanthole),  both  being  intermediate  products  in  a  number  of  chemical  Industries  [6]. 
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Fig.  1.  Infrared  spectrum  of  9,12-octadecadienoic  (llno- 
lelc)  acid  (I). 


The  starting  undecylenlc  acid  was  bromlnated  to  10,11-di- 
bromoundccanolc  acid  (II),  which  by  subsequent  dehydrobromlnation 
was  converted  to  10-undecynolc  acid  (III,  R  =  H).  This  acid  was 
then  converted  to  the  methyl  ester  (in,  R  =  CH8),  and  the  latter  re¬ 
acted  with  phenylmagneslum  bromide  gave  1,1-dlphenyl-lO-un- 
decynol  (IV).  Compound  (IV)  was  dehydrated  to  1, 1 -diphenyl -1-un- 
decen-lO-yne  (V),  and  the  latter  by  destructive  oxidation  was  con¬ 
verted  to  9-decynoic  acid  (VI,  R  =  H).  The  methyl  ester  of  this 
acid  (VI,  R  =  CHs)  was  used  as  one  of  the  intermediates  In  the  syn¬ 
thesis  of  llnoleic  acid  (I). 

We  used  enanthole  to  obtain  the  second  structural  element  In 
this  synthesis,  namely  l-bromo-2-octyne  (X).  For  this  enanthole  was 
converted  via  1,1-dlchloroheptane  (VII)  to  1-heptyne  (VIII),  which 
as  the  organomagneslum  compound  was  reacted  with  formaldehyde, 
and  the  thus  obtained  2-octynol  (IX)  was  reacted  with  phosphorus 
tribromlde.  Condensation  of  the  magnesium  bromide  derivative  of 
the  methyl  ester  of  9-decynoic  acid  (VI)  with  l-bromo-2-octyne 
(X)  in  the  presence  of  cuprous  chloride  gave  the  methyl  ester  of 
9,12-octadecadiynoic  acid  (XI).  Selective  hydrogenation  of  the  methyl  ester  of  9,12-octadecadiynoic  acid  (XI), 
followed  by  subsequent  saponification  of  (XII)  led  to  llnoleic  acid  (I),  The  structure  of  the  thus  synthesized  acid 
(I)  was  confirmed  by  its  physicochemical  constants  and  the  spectral  analysis  data  [7]  (see  Figs.  1  and  2). 

EXPERIMENTA  L 

10,11 -Dibromoundecanoic  Acid  (II).  To  a  solution  of  23.01  g  of  undecylenlc  acid  in  70  ml  of  chloroform, 
cooled  to  0*,  was  added  20.19  g  of  bromine  in  2  hours.  After  stirring  for  2  hours  at  18-20* ,  the  solvent  was  dis¬ 
tilled  from  the  reaction  mass,  and  the  residue  was  fractionally  distilled.  Yield  33.31  g  (77.5%).  B.p.  192.4-194* 
(0.5  mm),  b.p.  38.6-39.9*  (from  petroleum  ether). 

10-Undecynoic  Acid  (III,  R  =  H).  A  mixture  of  33.31  g  of  10,11 -dibromoundecanoic  acid  (II),  16.21  g  of 
KOH  and  150  ml  of  alcohol  was  heated  in  a  1000-ml  autoclave  for  1  hour  at  145-150*.  Here  the  pressure  in  the 
autoclave  reached  10-12  atm.  After  cooling  to  18-20*,  the  obtained  precipitate  was  filtered  and  washed  with 
150  ml  of  alcohol.  The  solvent  was  distilled  from  the  combined  filtrates.  The  residue  was  treated  with  50  ml 
of  water,  and  then  acidified  at  0*  with  sulfuric  acid.  The  reaction  product  was  extracted  with  100  ml  of  ether. 
The  extract  was  dried  over  sodium  sulfate.  The  residue  after  distilling  off  the  solvent  was  distilled.  Yield 
14.06  g  (79.7%). 

B.p.  165.5-16r  (3  mm),  155-159.6*  (0.5  mm),  m.p.  42.5-43.8*. 

Found  %:  C  72.40,  72.71;  H  10.10,  10.32.  CuHuOiP.  Calculated  %  C  72.54;  H  9.96. 

Methyl  Ester  of  10-Undecynoic  Acid  (HI,  R  =  CH8).  A  solution  of  14.06  g  of  10-undecynoic  acid  (III, 

R  =  H)  in  93.5  ml  of  anhydrous  methyl  alcohol,  previously  saturated  at  0*  with  dry  HCl,  was  heated  under  reflux 
for  6  hours  in  a  stream  of  dry  HCl.  Then  the  excess  methyl  alcohol  was  distilled  off.  The  residue  was  cooled 
to  1-0*  and  neutralized  with  saturated  aqueous  sodium  bicarbonate  solution,  followed  by  extraction  of  the  reac- 


Fig.  2.  Ultraviolet  spectrum 
of  9,12-octadecadienoic  (lln¬ 
oleic)  acid  (I). 
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2-Heptyne 

111-113.4" 
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32.46 
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106.3-106.2 

10.4 

0.7492 

1.4176 

32.39 

32.46 

tlon  product  with  200  ml  of  ether.  The  combined  extracts  were  dried  over  sodium  sulfate.  The  residue  after 
distilling  off  the  solvent  was  distilled.  Yield  13.81  g  (91.2%). 

B.p.  109.5-111.6*  (3  mm).  d4*®  0.9237,  n*®D  1.4501,  MRd  57.12;  calc.  57.21, 

Found  %:  C  73.30;  H  10.41.  CuHjoO^p.  Calculated  %:  C  73.41;  H  10.27. 

1 .1- Dlphenyl-lO-undecynol  (IV).  A  solution  of  13.81  g  of  methyl  10-undecynoate  (III,  R  =  CHj)  in  30  ml 
of  absolute  ether  was  added,  with  external  cooling  to  -10*,  in  45  minutes  to  the  Grignard  reagent,  prepared  from 
5.98  g  of  magnesium  turnings  and  38.6  g  of  bromobenzene  in  50  ml  of  absolute  ether.  The  reaction  mixture 
was  heated  under  reflux  for  2  hours,  and  then  acidified  at  0*  with  80  ml  of  sulfuric  acid  (d4*®  1.1).  Here  two 
layers  were  formed.  The  upper  layer  was  separated.  The  product  in  the  lower  layer  was  extracted  with  200  ml 
of  ether.  The  combined  extracts  were  neutralized  with  saturated  aqueous  sodium  bicarbonate  solution,  and  then 
dried  over  sodium  sulfate.  The  residue  after  distilling  off  the  solvent  was  distilled.  Yield  16.81  g  (74.6%). 

B.p.  142.5-144.8*  (0.3  mm). 

1.1 - Diphenyl-1 -undecen-lO-yne  (V).  A  solution  of  16.81  g  of  1,1-dlphenyl-lO-undecynol  (IV)  in  80  ml 
of  dry  toluene  waslieated  under  reflux  for  6  hours  in  the  presence  of  0.05-0.07  g  of  iodine  in  a  stream  of  nitro¬ 
gen.  The  water  formed  during  reaction  was  distilled  off  into  a  water  separator.  Then  the  reaction  mass  was 
cooled  to  18-20*,  and  washed  with  50  ml  of  10%  aqueous  sodium  thiosulfate  solution.  Then  the  product  was  dried 
over  sodium  sulfate.  The  solvent  was  distilled  off  and  the  residue  was  distilled.  Yield  14.87  g  (93.7%). 

B.p.  169.5-173  (0.4  mm),  di*®  1.1090,  n*®D  1.5620,  MRp  88.45;  calc.  88.28. 

Found  %:  C  91.65,  91.56;  H  8.40,  8.41.  CjsHzePF.  Calculated  %:  C  91.35;  H  8.66. 

9-Decynolc  Acid  (VI,  R  =  H).  To  a  mixture  of  14.87  g  of  1,1-diphenyl-l-undecen-lO-yne  (V)  in  250  ml 
of  glacial  acetic  acid  at  55-66*,  with  mechanical  stirring,  in  2  hours,  was  added  a  solution  of  10.35  g  of  chromic 
anhydride  in  10  ml  of  water.  After  stirring  for  8  hours  at  80-95"  the  acetic  acid  was  distilled  from  the  reaction 
mass.  The  residue  was  treated  with  240  ml  of  sulfuric  acid  (dt*®  1.1),  and  the  whole  heated  on  the  boiling  water 
bath  for  1  hour.  Then  250  ml  of  saturated  sodium  chloride  solution  was  added,  and  the  separated  material  was 
extracted  with  150  ml  of  ether.  The  combined  extracts  were  neutralized  with  saturated  aqueous  sodium  bicar¬ 
bonate  solution.  The  water  layer  was  separated,  acidified  with  sulfuric  acid  (d*^®  1.10,  to  congo),  and  extracted 
with  180  ml  of  ether.  The  combined  extracts  were  dried  over  sodium  sulfate.  The  residue  after  distilling  off  the 
solvent  was  distilled.  Yield  4.86  g  (58.7%). 

B.p.  109.2-112*  (0.5  mm),  100-104.6"  (0.2  mm),  d4*®  0.9993,  n*®D  1.4778,  MRj)  47.63,  CjoHieOkjP.  Calcu¬ 
lated  47.85. 

Methyl  Ester  of  9-Decynolc  Acid  (VI,  R  =  CH3).  The  reaction  was  run  in  the  same  manner  as  for  the  methyl 
ester  of  iO-undecynoic  acid  (III,  R  =  CH3),  starting  with  4.86  g  of  9-decynoic  acid  (VI,  R  =  H)  and  27.8  g  of  methyl 
alcohol,  previously  saturated  with  HCl.  Yield  4.71  g(89.3%). 

B.p.  89-93.8"  (0.5  mm),  126.5-128.5"  (2  mm).  d4*®  1.047,  n*®D  1.5143,  MRp  52.44;  calc.  52.58. 

Found  %;  C  72.52,  72.77;  H  9.81,  9.79.  CnHigOfeP.  Calculated  %:  C  72.54;  H  9.96. 

1.1- Dlchlorohepta'ne  (VII).  To  41.95  g  of  phosphorus  pentachloride,  cooled  to  0",  with  constant  stirring, 
was  added  22.87  g  of  enanthoie  in  2  hours.  The  reaction  mass  was  allowed  to  stand  at  18-20"  for  4  hours,  after 
which  it  was  poured  into  100  g  of  cracked  ice,  and  the  reaction  product  extracted  with  ether.  The  combined  ex¬ 
tracts  were  neutralized  with  saturated  aqueous  sodium  bicarbonate  solution,  and  then  dried  over  calcium  chloride. 
The  residue  after  distilling  off  the  solvent  was  distilled.  Yield  23.32  g  (68.9%). 


2285 


B.p.  70.5-73.4*  (10  mm),  (J**®  1.024,  n*®D  1.4478,  MR^  44.20.  CyHuCl,.  Calculated  44.26. 

1- Heptyne  (VIII).  A  mixture  of  23.32  g  of  1,1-dlchloroheptane  (VII)  and  15.49  g  of  pulverized  KOH  was 
charged  into  a  300-ml  iron  cylindrical  vessel,  fitted  with  thermocouple  (iron-constantan),  Wurtz  head,  and  de¬ 
scending  condenser.  The  reaction  mixture  was  heated  to  200*,  and  the  fraction  with  b.p.  90-99*  (757  mm)  was 
distilled  off.  The  distillate  was  collected  in  a  receiver,  cooled  to  -7  to  -10"*  After  drying  over  calcium  chloride, 
the  distillate  was  fractionally  distilled  through  a  column  (having  an  efficiency  of  35  theoretical  plates).  The 
yield  of  1-heptyne  (VIII)  was  6.02  g  (45.3^. 

B.p.  97.3-98.9*  (759  mm),  di*®  0.7485,  n*®D  1.4179,  MRj,  32.37.  C^Huf.  Calculated  32.46. 

The  constants  and  yields  of  the  other  1-heptyne  Isomers,  obtained  in  the  above  reaction,  are  summarized 
in  the  table. 

2- Octynol  (IX).  With  cooling  to  -5  to  -8*,  a  solution  of  6.02  g  of  1-heptyne  (Vni)  in  50  ml  of  dry  ether 
was  added  with  vigorous  stirring  to  the  Grignard  reagent,  prepared  from  3.06  g  of  magnesium  turnings,  13.71  g  of 
ethyl  bromide  and  50  ml  of  absolute  ether.  The  reaction  mass  was  heated  under  reflux  for  2  hours.  Then  formal¬ 
dehyde,  obtained  from  the  depolymerization  of  11.34  g  of  dry  paraform,  was  passed  into  the  reaction  mass  for 

4  hours  at  0  to  -5*.  The  reaction  product  of  the  Grignard  reagent  with  formaldehyde  was  decomposed  with  water 
at  -5  to  -10*.  The  water  layer  was  separated  and  the  product  was  extracted  from  it  with  150  ml  of  ether.  The 
combined  extracts  were  dried  over  sodium  sulfate,  then  the  solvent  was  distilled  off,  and  the  residue  was  fractional¬ 
ly  distilled.  Yield  4.68  g  (59.4%). 

B.p.  100.3-104.5*  (18  mm),  d**®  0.8923,  if®D  1.4555,  MRp  38.41.  CbHi40p.  Calculated  38.61. 

l-Bromo-2-octyne  (X).  To  a  solution  of  4.68  g  of  2-octynol  (DC)  in  30  ml  of  absolute  ether  at  0*  was 
added  10.08  g  of  phosphorus  tribromide  in  30  minutes.  The  reaction  mass  was  heated  under  reflux  for  2  hours, 
then  with  cooling  to  -5  to  -10*  it  was  decomposed  with  50  ml  of  ice  water,  and  finally  it  was  neutralized  with 
saturated  aqueous  sodium  bicarbonate  solution.  The  water  layer  was  extracted  with  100  ml  of  ether,  and  the  com¬ 
bined  extracts  were  dried  over  sodium  sulfate.  The  residue  after  distilling  off  the  solvent  was  distilled.  Yield 
3.34  g  (47.5%). 

B.p.  69-71.9*  (4.5  mm),  d**®  1.2100,  n*®D  1.4863,  MRp  44.89.  C,Hi8Brp.  Calculated  44.84. 

Methyl  Ester  of  9,12-Octadecadlynolc  Acid  (XI).  A  solution  of  4.71  g  of  methyl  9-decynoate  (VI,  R  =  CH3) 
in  20  ml  of  absolute  ether  was  added  at  0  to  -2*,  in  25  minutes,  to  the  Grignard  reagent,  prepared  from  0.430  g 
of  magnesium  turnings  and  1.93  g  of  ethyl  bromide  in  40  ml  of  absolute  ether.  The  reaction  mass  was  heated 
under  reflux  for  1  hour,  after  which  0.25  g  of  dry  cuprous  chloride  was  added,  the  whole  refluxed  for  15  minutes, 
and  then  3.34  g  of  l-bromo-2-octyne  (X)  in  50  ml  of  absolute  ether  was  added  gradually.  Then  the  mixture  was 
refluxed  for  2  hours,  60  ml  of  dry  toluene  was  added,  and  having  distilled  off  the  ether,  the  reaction  mass  was 
heated  under  reflux  for  15  hours  in  a  stream  of  nitrogen,  after  which  it  was  treated  with  50  ml  of  ice  water,  and 
then  acidified  with  sulfuric  acid  (d^*®  1.10).  The  ether  layer  was  separated.  The  product  in  the  water  layer  was 
extracted  with  150  ml  of  ether.  The  combined  extracts  were  dried  over  sodium  sulfate.  The  residue  after  dis¬ 
tilling  off  the  solvent  was  distilled.  Yield  0.751  g  (14.1%). 

B.p.  159-161*  (0.5  mm),  m.p.  12.8-13.3*,  d4*®  0.9620,  n*®D  1.4899,  MRp  87.28;  calc.  87.47. 

Found  %:  C  78.75,  78.56;  H  10.78,  10.49.  CijHaoOif:.  Calculated  %:  C  78.56;  H  10.41. 

Methyl  Ester  of  9,12-Octadecadienolc  (Linoleic)  Acid  (XII).  With  mechanical  agitation,  a  solution  of 
0.751  g  of  methyl  9,12-octadecadlynoate  (XI)  in  15  ml  (1 :3)  of  anhydrous  alcohol  and  dry  benzene  was  hydro¬ 
genated  at  18-20*  in  the  presence  of  0.14  g  of  palladium  catalyst  for  6  hours  (130.5  ml  of  Hj  was  absorbed,  theoret. 
calculation  for  two  triple  bonds  is  131.9  ml  of  Hj).  The  catalyst  was  filtered  and  washed  with  20  ml  of  benzene. 
The  solvent  was  distilled  from  the  combined  extracts,  and  the  residue  was  distilled.  Yield  0.639  g  (83.6%). 

B.p.  169-171.5*  (0.9  mm),  di*®  0.9012,  n*®D  1.4675;  MRp  90.74;  calc.  90.66.  ' 

Found  %:  C  77.21,  77.20;  H  11.82,  11.61.  Ci9H340iPj.  Calculated  %:  C  77.52;  H  11.63. 

9,12-Octadecadlenoic  Acid  (I).  A  solution  of  0.122  g  of  KOH  in  30  ml  of  methyl  alcohol  was  added  to  a 
solution  of  0.639  g  of  methyl  9,12-octadecadienoate  (XII).  The  reaction  mass  was  kept  for  12  hours  at  18-20*  in 
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a  stream  of  nitrogen,  and  then  the  methyl  alcohol  was  distilled  off.  The  precipitate  was  dissolved  in  20  ml  of 
water,  and  the  unsaponified  material  was  extracted  with  70  ml  of  ether.  The  water  layer  was  acidified  with 
sulfuric  acid  (d4*''  1.10,  to  Congo),  and  the  product  extracted  with  100  ml  of  ether.  The  obtained  extract  was 
dried  over  sodium  sulfate.  The  residue  after  distilling  off  the  solvent  was  distilled.  Yield  0.49  g  (80.5%). 

B.p.  160-164*  (0.5  mm),  d4**  0.9118,  i^®D  1.4718,  MRd  86.12;  calc.  85.93. 

Found  %:  C  76.95,  77.46;  H  11.40,  11.57.  CigHaO^F,.  Calculated  %:  C  77.11;  H  11.50. 

Tetrabromide,  CigHgC^Brg,  m.p.  113-114*  (from  petroleum  ether). 

SUMMARY 

The  synthesis  of  9,12-octadecadienoic  acid  was  accomplished. 
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SYNTHESIS  OF  1  -  A  C  Y  L  -  2  -  C  H  LORO  - 1 -C  Y  C  LO  PEN  T  E  N  ES 
AND  ETHYLENE  KETALS  OF  2  -  A  C  Y  LC  Y  C  L  O  PE  NT  A  N  ON  ES 

N.  K.  Kochetkov,  E.  E.  Nlfant’ev  and  V.  N.  Shlbaev 
Moscow  State  University 


The  wide  use  of  6  -chlorovinyl  ketones  and  their  close  derivatives  in  synthesis  work  raises  the  need  of 
developing  methods  for  the  synthesis  of  new  types  of  compounds,  belonging  to  this  class. 

Syntheses  of  6 -chlorovinyl  ketones  with  an  open  chain,  namely  alkyl  [1,  2],  alkenyl  [3]  and  aryl  8  -chloro- 
vinyl  ketones  [4,  5],  have  been  worked  out  in  detail  at  the  present  time.  However,  compounds  of  this  type,  be¬ 
longing  to  the  alicyclic  series,  are  practically  unknown.  Two  brief  communications,  contradicting  each  other, 
exist  in  the  literature  on  the  possibility  of  synthesizing  l-acyl-2-chlorocyclohexenes  by  the  condensation  of  cy¬ 
clohexanone  with  acetyl  chloride  under  the  influence  of  aluminum  chloride  [6,  7].  Recently  this  reaction  was 
studied  in  detail  by  us  [8],  in  which  connection  we  were  able  to  show  that  it  leads  mainly  to  l-acyl-2-chloro-2- 
cyclohexene,  while  the  more  interesting  reaction  product,  namely  l-acyl-2-chloro-l -cyclohexene  is  formed  only 
in  small  amount.  In  the  same  paper  we  also  stated  that  in  contrast  to  this,  cyclopentanone  when  reacted  with 
acetyl  chloride  in  the  presence  of  aluminum  chloride  yields  l-acetyl-2-chloro-l-cyclopentene,  a  cyclic  analog 
of  8 -chlorovinyl  ketones. 

In  view  of  the  fact  that  this  reaction  still  remains  as  the  solitary  route  to  new  compounds  of  the  indicated 
type,  we  decided  to  make  a  more  detailed  study  of  it. 

The  reaction  of  cyclopentanone  with  acid  halides  in  the  presence  of  aluminum  chloride  has  a  fairly  general 
character  and  leads  to  the  formation  of  new  l-acyl-2-chloro-l-cyclopentenes  in  30-40%  yields. 


n=0  .|PI  : j — COH 

+  ncoci^2i 

\/ 

R  =  C».,  C,H,,  CjH,. 


An  attempt  to  react  benzoyl  chloride  in  the  indicated  sense  has  so  far  been  unsuccessful,  and  instead  of  the 
desired  8-chloro  ketone  we  obtained  a  crystalline  substance  with  m.p.  20”,  devoid  of  chlorine,  the  structure  of 
which  has  not  yet  been  established. 

The  best  results  in  the  investigated  reaction  are  obtained  if  the  acid  chloride  and  aluminum  chloride  are 
prepared  as  a  complex  in  dichloroethane,  to  which  the  cyclopentanone  is  then  added.  The  use  of  other  solvents, 
for  example  carbon  disulfide,  gives  poorer  results.  The  reaction  time  requires  several  hours,  and  should  be  in¬ 
creased  in  going  from  acetyl  chloride  to  its  hi^er  homologs.  As  regards  the  mechanism  of  this  reaction,  then  as 
we  had  already  Indicated  in  the  case  of  cyclohexanone  [8],  it  apparently  goes  through  the  formation  of  the  corres¬ 
ponding  enol  ester. 
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In  the  present  case  this  is  also  confirmed  by  the  fact  that  we  were  able  to  obtain  l-acetyl-2-chloro-l-cy- 
clopentene,  to  be  sure,  in  much  lower  yield,  by  the  reaction  of  the  enol  acetate  of  cyclopentanone  with  acetyl 
chloride  in  the  presence  of  aluminum  chloride. 

All  of  the  l-acyl-2-chloro-l-cyclopentenes  obtained  by  us  were  colorless  oily  liquids,  quite  unstable  when 
stored,  in  which  respect  they  greatly  resemble  the  alkyl  6 -chlorovinyl  ketones.  As  was  indicated  in  a  previous 
paper  [8],  the  position  of  the  double  bond  in  them,  conjugated  with  the  carbonyl  group,  is  shown  on  the  example 
of  the  first  member  of  the  series  by  the  nature  of  the  absorption  maximum  of  its  2,4-dinitrophenylhydrazone.  We 
obtained  conclusive  proof  as  to  their  structure  by  the  ozonolysisof  1 -acetyl-2 -chloro-l-cyclopentene.  Decom¬ 
position  of  the  ozonide  in  the  presence  of  hydrogen  peroxide  gave  as  the  solitary  reaction  product  only  glutaric 
acid,  identified  as  the  bis-p-bromophenylacyl  ester. 
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It  is  natural  that  if  the  obtained  compound  was  the  isomeric  1 -acetyl -2 -chloro-2-cyclopentene  (or  con¬ 
tained  this  isomer  as  impurity),  then  the  ozonolysis  product  would  prove  to  be  the  8 -ketodicarboxylic  acid,  which 
after  ketonic  decomposition,  occurring  under  the  conditions  for  the  decomposition  of  ozonides  of  such  type,  would 
give,  in  the  final  analysis,  6 -ketocaproic  acid. 

Consequently,  it  can  be  assumed  to  have  been  conclusively  established  that  whereas  in  the  cyclohexanone 
series  the  main  reaction  product  of  the  ketone  with  acid  chloride  is  the  8, y -unsaturated  ketone,  in  the  cyclo¬ 
pentanone  series  the  reaction  goes  in  a  well-defined  manner  and  gives  the  a  ,8 -unsaturated  ketone,  a  cyclic 
analog  of  8 -chlorovinyl  ketones.  This  difference  in  the  behavior  of  five-  and  six-membered  rings  we  are  Inclined 
to  explain  as  being  due  to  a  difference  in  the  elimination  of  the  elements  of  acetic  acid  from  the  addition  pro¬ 
duct,  which  appears  as  a  consequence  of  the  difference  in  the  conformation  of  the  two  cyclic  systems. 

A  study  of  the  reactions  of  the  obtained  compounds  for  the  purpose  of  comparing  them  with  8  -chlorovinyl 
ketones  was  of  great  interest,  in  particular,  elucidating  the  mobility  of  the  halogen  atom  in  them,  this  being  the 
most  characteristic  trait  of  the  chemical  behavior  of  8 -chlorovinyl  ketones  [9].  Study  revealed  that  although  the 
obtained  compounds  have  a  more  labile  chlorine  than  is  present  in  vinyl  chloride,  still  they  are  far  inferior  to  the 
8 -chlorovinyl  ketones  in  this  respect.  Thus,  for  example,  when  l-acetyl-2-chloro-l-cyclopentene  is  reacted 
with  triethylamine  the  quatern&ry  salt  is  formed  only  with  heating  and  a  long  reaction  time,  as  a  result  of  which 
we  were  unable  to  isolate  the  salt  in  analytically  pure  form  due  to  profound  tarring  of  the  reaction  mixture;  at 
the  same  time  8 -chlorovinyl  ketones  react  with  triethylamine  with  unusual  vigor  [10].  When  l-butyroyl-2- 
chloro-l-cyclopentene  is  reacted  with  sodium  iodide  under  the  conditions  used  for  the  corresponding  reaction  with 
8 -chlorovinyl  ketones  [11],  the  reaction  does  not  go,  and  the  starting  product  is  recovered  completely  on  distilla¬ 
tion.  If  the  reaction  is  run  under  more  drastic  conditions,  then  tarring  takes  place.  The  reaction  of  1-butyroyl- 
2-chloro-l-cyclopentene  with  p-nitrophenylhydrazine  leads  to  the  formation  of  the  p-nitrophenylhydrazone,  which 
we  were  unable  to  cyclize  to  the  pyrazole  derivative,  whereas  in  the  case  of  8 -chlorovinyl  ketones  their  phenyl- 
hydrazones  show  spontaneous  cyclization  [1, 12].  Several  facts  are  responsible  for  such  a  low  activity  of  the  halide 
atom  in  l-acyl-2-chlorocyclopentenes. 

1.  The  obtained  compounds  show  a  cis-configuration  as  regards  the  mutual  position  of  the  acyl  group  and 
chlorine  atom,  whereas  the  8 -chlorovinyl  ketones  have  a  trans-configuration  [13].  Together  with  this,  a  transfer 
of  the  influence  exerted  by  the  carbonyl  group  on  the  halide  atom  should,  naturally,  be  more  effective  for  trans¬ 
compounds. 

2.  Together  with  the  halide,  the  obtained  compounds  have  a  substituent  in  the  8  -position.  It  Is  known 
[14]  that  8  -chlorovinyl  ketones  of  this  type  are  characterized  by  a  much  less  labile  halide  atom. 

3.  In  the  case  of  replacing  the  halide  atom  by  a  bimolecular  mechanism  the  attacking  nucleophilic  reagent 
should  approach  from  the  side  opposite  the  chlorine  atom,  which  is  impossible  in  the  given  case  due  to  the  pre¬ 
sence  of  a  planar  ring. 

It  is  probable  that  all  three  factors  play  some  part  here;  the  problem  of  which  plays  the  determining  role 
is  being  investigated  by  us  at  the  present  time. 
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Despite  the  quite  low  activity  of  the  halogen  atom  In  l-acyl-2-chloro-l-cyclopentenes,  still  we  were 
able  to  utilize  the  latter  to  prepare  some  previously  unknown  ketals  of  2-acylcyclopentanones,  being  analogs  of 
6-keto  aldehydes,  which.  In  the  synthetic  sense,  are  the  most  Important  derivatives  of  8 -chlorovlnyl  ketones 
[11,  15],  The  reaction  of  l-acyl-2-chloro-l-cyclopentenes  with  alcohol  Is  Ill-defined  and  gives  a  mixture  of 
substances,  from  which  It  Is  difficult  to  Isolate  Individual  compounds.  On  the  other  hand,  reaction  with  ethylene 
glycol  In  the  presence  of  KOH,  similar  to  the  case  of  reaction  with  8 -chlorovlnyl  ketones  [16],  gives  cyclic 
ketals. 
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In  the  present  case  reaction  Is  much  slower  than  In  the  case  of  8  -chlorovlnyl  ketones,  and  requires  several 
days  for  Its  completion.  Heating  Is  required  to  obtain  the  higher  ketals.  The  yields  of  8-keto  ketals  are  quite 
high  and  reach  50-75%. 

The  indicated  reaction  Is  of  Interest  for  the  reason  that  only  recently  are  the  8-keto  acetals  beginning  to 
find  constantly  broader  synthetic  use. 

EXPERIMENTAL 

l-Acetyl-2-chloro-l-cyclopentene.  To  134  g  of  aluminum  chloride  In  250  ml  of  dry  dlchloroethane,  with 
Ice  cooling  and  vigorous  stJrrmg,  was  added  78.5  g  of  acetyl  chloride,  and  after  all  of  the  aluminum  chloride 
had  dissolved,  42  g  of  cyclopentanone  was  added  slowly.  After  stirring  for  2  hours  at  room  temperature,  the  reac¬ 
tion  mass  was  poured  into  a  mixture  of  Ice  and  hydrochloric  acid,  after  which  the  lower  layer  was  separated , and 
the  water  layer  was  extracted  twice  with  dlchloroethane.  The  combined  dlchloroethane  solution  was  dried  over 
calcium  chloride,  and  the  dlchloroethane  was  distilled  off  under  a  slight  vacuum.  Fractional  distillation  of  the 
oily  residue  gave  21.7  g  of  cyclopentanone  with  b.p.  38-40"  (25  mm),  and  10.6  g(31%),  based  on  reacted  cyclo¬ 
pentanone)  of  l-acetyl-2-chloro-l-cyclopentene  with  b.p.  90-92*  (22  mm).  After  redlstlllation  the  substance 
had  the  following  constants: 

B.p.  91-92"  (22  mm),  n*®D  1.5045,  di*®  1.1429,  MR^  37.45;  calc.  36.74. 

Found  %:  C  58.18,  58.35;  H  6.50,  6.35.  CjHsOCl.  Calculated  %:  C  58.20;  H  6.28. 

The  compound  is  a  colorless  oil,  miscible  with  the  ordinary  organic  solvents.  It  is  extremely  unstable  when 
stored. 

The  2,4-dinitrophenyl  hydrazone,  obtained  in  known  manner  [17],  appeared  as  bright  red  crystals  withm.p. 
174-175*  (from  glacial  acetic  acid). 

Found  %:  N  17.47,  17.29.  C15H1SO4N4CI.  Calculated  %;  N  17.31. 

When  the  reaction  was  run  under  similar  conditions  in  carbon  disulfide  solution  the  yield  of  l-acetyl-2- 
chloro-l-cyclopentene  was  22%,  based  on  reacted  cyclopentanone. 

l-Propionyl-2-chloro-l-cyclopentene.  The  compound  was  obtained  in  the  same  manner  as  the  preceding 
from  28  g  of  cyclopentanone,  61  g  of  propionyl  chloride  and  89  g  of  aluminum  chloride  in  165  ml  of  dichloro- 
ethane,  after  stirring  for  7.5  hours.  Yield  10.1  g  (37%,  based  on  reacted  cyclopentanone).  Redlstlllation  gave 

B.p.  97-98*  (13  mm),  rT*®D  1.4952,  d4*®  1.1000,  MRp  42.09;  calc,  41.35. 

Found  %:  C  60.56,  60.72;  H  7.02,  7.14.  CgHnOCl.  Calculated  %:  C  60.59;  H  7.09. 

The  2,4-dinltrophenylhydrazone  was  obtained  as  red  crystals  with  m.p.  156-158*  (from  glacial  acetic  acid). 

Found  %:  N  16.24,  16.16.  C14H15O4N4CI.  Calculated  %:  N  16.58. 

l-Butyroyl-2-chloro-l-cyclopentene.  Obtained  in  the  same  manner  as  the  preceding  from  35  g  of  cyclo¬ 
pentanone,  87  g  of  butyroyl  chloride  and  110  g  of  aluminum  chloride  in  210  ml  of  dlchloroethane,  with  stirring 
for  18  hours.  Yield  18,9  g  (38.2%),  based  on  reacted  cyclopentanone). 
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B.p.  106-107*  (8  mm),  n*®D  1.4900,  44”  1.0746,  MRq  46.41;  calc.  46.17. 

Found  ^o:  C  62.47  ,  62.64;  H  7.57,  7.72.  C9H13OCI.  Calculated  C  62.63;  H  7.79. 

The  2,4-dinitrophenylhydrazone  was  obtained  as  red  needles  with  m.p.  138-139*  (from  glacial  acetic  acid). 

Found  N  15.77,  15.70.  C15H17O4N4CI.  Calculated  N  15.98. 

1- Isovaleroyl-2-chloro-l-cyclopentene.  Obtained  in  a  similar  manner  as  before  from  42  g  of  cyclopentanone, 
120  g  of  isovaleroyl  chloride  and  134  g  of  aluminum  chloride  in  300  ml  of  dichloroethane,  with  stirring  for  8  hours. 
Yield  22  g  (36^,  based  on  reacted  cyclopentanone). 

B.p.  74-75*  (2  mm),  n*®D  1.4835,  di*®  1.0360,  MR^  51.48;  calc.  50.59. 

Found  C  64.59  ,  64.61;  H  8.27,  8.31.  CuHigOCl.  Calculated  C  64.33;  H  8.20. 

Reaction  of  Cyclopentanone  With  Benzoyl  Chloride.  Proceeding  as  before,  we  took  for  reaction  42  g  of 
cyclopentanone,  70  g  of  benzoyl  chloride  and  134  g  of  aluminum  chloride  in  250  ml  of  dichloroethane.  The  reac¬ 
tion  mixture  was  worked  up  in  the  usual  manner  to  give  17  g  of  cyclopentanone,  40  g  of  benzoyl  chloride  and  12  g 
of  a  substance  with  b.p.  159-171*  (3  mm).  On  redistillation  the  latter  distilled  at  149-150*  (1  mm),  and  had  i^®D 
1.4815,  and  m.p.  20-21*. 

This  substance  was  found  to  be  free  of  chlorine.  White  crystals,  soluble  in  all  organic  solvents.  The  sub¬ 
stance  is  stable  to  storage. 

Reaction  of  Cyclopentanone  Enol  Acetate  With  Acetyl  Chloride.  When  20.5  g  of  the  enol  acetate,  obtained 
by  the  reaction  of  cyclopentanone  with  isopropenyl  acetate  in  known  manner  [18],  was  heated  with  13.6  g  of  acetyl 
chloride  and  21.5  g  of  aluminum  chloride  in  80  ml  of  dichloroethane  for  7  hours  with  stirring,  and  the  reaction 
mixture  worked  up  as  described  before,  we  obtained  2.4  g(10.47o)  of  1 -acetyl -2 -chloro-l-cyclopenteiie. 

B.p.  93-94*  (23  mm),  n*®D  1.5039,  d**®  1.1420. 

The  2,4-dinitrophenylhydrazone  had  m.p.  173-174.5*.  Its  m.p.  was  not  depressed  when  mixed  with  the 
2,4-dinitrophenylhydrazone  of  the  product  obtained  in  Expt.  1. 

Ozonolysis  of  l-Acetyl-2-chloro-l-cyclopentene.  With  ice  cooling,  a  stream  of  ozonized  oxygen 
ozone)  was  passed  into  a  solution  of  1.7  g  of  1 -acetyl -2 -chloro-l-cyclopentene  in  12  ml  of  dry  chloroform  for 
6  hours  at  a  rate  of  6.5  liters  per  hour.  Then  25  ml  of  water  and  3  ml  of  perhydrol  were  added  to  the  solution,  and 
the  whole  stirred  for  3  hours  at  45-50*,  after  which  it  was  extracted  with  aqueous  sodium  carbonate  solution.  The 
alkaline  extract  was  washed  with  ether,  acidified  (to  congo),  and  again  extracted  with  ether.  Removal  of  the 
solvent  by  evaporation  left  an  oil,  which  crystallized  on  standing  for  several  hours.  The  obtained  glutaric  acid 
was  identified  by  converting  it  in  conventional  manner  [19]  to  the  bis-p-bromophenylacyl  ester  with  m.p.  137.5- 
138*  (from  alcohol).  The  mixed  melting  point  with  an  authentic  specimen  was  not  depressed. 

Reaction  of  l-Butyroyl-2 -chloro-l-cyclopentene  With  p-Nitrophenyl -hydrazine.  To  a  solution  of  1.76  g  of 
p-nitrophenylhydrazine  in  30  ml  of  glacial  acetic  acid  was  added  2  g  of  1-butyroyl -2 -chloro-l-cyclopentene. 
Yellow  needle  crystals  began  to  deposit  almost  immediately.  The  next  day  they  were  suction-filtered  and  washed 
on  the  filter  with  absolute  ether.  Yield  3.5  g  (quantitative).  M.p.  140.5*  (from  alcohol). 

Founder  N  14.03,  14.21.  C15H18O2N3CI.  Calculated  N  13.79. 

The  substance  remained  unchanged  when  heated  to  the  melting  point.  Tarring  occurred  at  a  higher  tem¬ 
perature. 

Reaction  of  l-Butyroyl-2 -chloro-l-cyclopentene  With  Sodium  Iodide.  Six  grams  of  l-butyroyl-2-chloro-l- 
cyclopentene  was  added  to  a  solution  of  6.1  g  of  sodium  iodide  in  20  ml  of  acetone.  The  mixture  was  allowed  to 
stand  at  room  temperature  for  several  hours  and  then  heated  on  the  water  bath  for  4  hours,  after  which  it  was  poured 
into  water.  The  oil  was  extracted  with  ether,  dried  over  sodium  sulfate,  the  ether  evaporated,  and  5  g  of  unchanged 
l-butyroyl-2-chloro-l-cyclopentene,  with  b.p.  81-84*  (4  mm)  and  n*®D  1.4927,  was  isolated  from  the  residue. 

Running  the  reaction  for  a  longer  time  (20  hours)  led  to  complete  tarring  of  the  reaction  mixture. 

2- AcetylcycIopentanone  Ethylene  Ketal.  With  ice-water  cooling  and  stirring,  8.9  g  of  1-acetyl -2-chloro-l- 
cyclopentene  was  added  to  a  solution  of  3.5  g  of  KOH  in  11.5  ml  of  ethylene  glycol.  After  stirring  for  70  hours 
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the  mixture  was  poured  into  water  and  extracted  with  ether,  after  which  the  ether  extracts  were  dried  over  cal¬ 
cium  chloride  and  the  ether  distilled  off.  Fractional  distillation  of  the  residue  gave  5,2  of  substance. 

B.p.  115-116*  (16  mm).  n*®D  1.4700,  c^*®  1.1170,  MRp  42.50;  calc.  42.67. 

Found  C  63.79,  63.67;  H  8.50,  8.45.  C9H14OJ.  Calculated  C  63.52;  H  8.29. 

The  colorless  oil  is  miscible  with  organic  solvents.  It  is  relatively  stable  to  storage.  It  gives  an  intense 
color  with  ferric  chloride. 

2-Propionylcyclopentanone  Ethylene  Ketal.  A  mixture  of  4.15  g  of  l-propionyl-2-chloro-l-cyclopentene 
with  a  solution  of  1.7  g  of  KOH  in  9  ml  of  glycol  was  stirred  for  48  hours  at  room  temperature,  then  for  10  hours 
at  50-60*,  and  after  this  it  was  poured  into  water  and  worked  up  as  indicated  above.  Yield  3.55  g(74%). 

B.p.  118-121*  (12  mm),  n**D  1.4703,  (fi*®  1.0905,  MRp  47.18;  calc.  47.03. 

Found  C  65.60,  65.67;  H  8.97,  9.03.  CjoHnO,.  Calculated  C  65.40;  H  8.70. 

2-Butyroylcyclopentanone  Ethylene  Ketal.  A  mixture  of  5.2  g  of  l-butyroyl-2-chloro-l-cyclopentene  with 
a  solution  of  1.9  g  of  KOH  in  10  ml  of  glycol  was  stirred  for  10  hours  at  room  temperature,  10  hours  at  40-45*, 
and  10  hours  at  50-55*,  after  which  it  was  worked  up  in  the  usual  manner.  Yield  3.8  g  (63.5%). 

B.p.  105.5-107*  (5  mm),  r?®D  1.4713,  (l4*®  1.0711,  MRj)  51.77;  calc.  51.92. 

Found  %:  C  66.52,  66.74;  H  9.03,  9.00.  CuHijOj.  Calculated*^;  C  66.62;  H  9.08. 

2-Isovaleroylcyclopentanone  Ethylene  Ketal.  A  mixture  of  5.3  g  of  l-isovaleroyl-2-chloro-l-cyclopentene 
and  a  solution  of  1.8  g  of  KOH  in  10  ml  of  glycol  was  stirred  for  10  hours  at  room  temperature,  10  hours  at  40-45*, 
10  hours  at  50-55*,  and  8  hours  at  60-65*,  after  which  it  was  worked  up  in  the  usual  manner.  Yield  4  g  (66%). 

B.p.  101-102*  (3  mm),  n*®D  1.4652,  ^4*®  1.0350,  MRj)  56.75;  calc.  56.51. 

Found  %:  C  68.10,  67.88;  H  9.61,  9.61.  CijHjoO,.  Calculated  %:  C  68.00;  H  9.47. 

SUMMARY 

1.  1 -Acyl-2 -chloro-l-cyclopentenes,  cyclic  analogs  of  8 -chlorovinyl  ketones,  were  obtained  for  the  first 
time  by  the  reaction  of  cyclopentanone  with  acid  chlorides  in  the  presence  of  aluminum  chloride. 

2.  It  was  postulated  that  the  indicated  reaction  goes  through  the  formation  of  the  enol  acetate  of  cyclo¬ 
pentanone.  which  then  reacts  further  on  the  type  of  the  Kondakova -Krapivina  reaction.  This  postulation  was  con¬ 
firmed  by  preparing  l-acetyl-2-chloro-l-cyclopentene  from  cyclopentanone  enol  acetate  and  acetyl  chloride 
under  analogous  conditions. 

3.  It  was  shown  that  the  halide  atom  in  1 -acyl -2 -chloro-l-cyclopentenes  is  less  labile  than  in  6 -chloro¬ 
vinyl  ketones,  and  some  opinions  were  expressed  as  to  the  reasons  for  this  lowered  activity. 

4.  New  ethylene  ketals  of  2-acylcyclopentanones  were  obtained  by  reacting  1 -acyl -2 -chloro-l-cyclo¬ 
pentenes  with  ethylene  glycol  in  the  presence  of  potassium  hydroxide. 
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BROMINATION  OF  fl-KETO  ACETALS 

N.  K.  Kochetkov,  E.  E.  Nlfant'cv  and  N.  V.  Molodtsov 
Moscow  State  University 

Quite  recently  6 -keto  acetals,  RCOCHj  CH  (OR')|,  readily  prepared  from  0 -chlorovinyl  ketones  [1-3], 
are  finding  constantly  broader  use  in  synthetic  organic  chemistry.  Up  to  now  they  were  used  either  as  potential 
0  -dicarbonyl  compounds  [1,  4],  to  a  certain  degree  duplicating  the  0  -chlorovinyl  ketones  in  their  transforma¬ 
tions,  or  as  ketones,  containing  an  additional  reactive  substituent  [2,  3,  5-7].  Together  with  this,  a  third  possi¬ 
bility  remained  completely  unused,  namely  the  introduction  of  substituents  in  the  central  methylene  linkage  of 
keto  acetals  for  the  purpose  of  utilizing  the  compounds  obtained  in  this  manner  in  highly  varied  syntheses.  The 
only  exception  to  this  is  a  short  statement  by  Plieninger  that  it  is  possible  to  oxidize  0-keto  acetals  with  lead 
tetraacetate  [8]. 

A  study  of  the  problem  of  replacing  the  hydrogen  atoms  in  the  methylene  group  of  0  -keto  acetals  by 
other  substituents  also  possesses  independent  interest,  since  this  permits  making  some  estimate  of  the  influence 
exerted  by  the  acetal  group  on  the  linkage  adjacent  to  it,  a  problem  that  has  remained  quite  obscure  up  to  now. 

We  selected  the  bromination  of  keto  acetals,  a  reaction  not  studied  previously,  as  being  the  first  reaction 
of  this  typie.  We  used  different  bromination  agents  (N-bromosuccinimide,  dioxane  dibromide,  bromine)  in  various 
solvents.  The  best  results  were  obtained  when  the  bromination  was  run  with  bromine  in  the  presence  of  agents 
that  tie  up  the  hydrogen  bromide;  under  these  conditions  the  reaction  goes  quite  well,  in  which  connection  the 
end  result  depends  on  the  solvent  used.  Replacement  of  one  of  the  hydrgen  atoms  in  the  central  methylene 
linkage  is  observed  when  0-keto  acetals  are  brominated  with  bromine  in  aqueous  medium  in  the  presence  of 
barium  carbonate;  at  the  same  time  there  occurs  hydrolytic  cleavage  of  the  acetal  group,  with  the  end  result 
that  an  a-bromo-0 -keto  aldehyde  ( a-bromohydroxymethylene  ketone)  is  formed. 

R-COCll2Cll<^^”  nCOCHBrC<f^ 

\OR’  H,o 

R  =  CH,.  C,iu  C»H„  C,H,-iS0 
R'  =  CH„  R'--R'  =  CH,-CH,. 

Hydrolysis  of  the  acetal  group  occurs  independently  of  whether  a  dialkyl  acetal  or  the  more  stable  ethylene 
acetal  is  taken  for  reaction  [3].  The  obtained  bromoketo  aldehydes  are  crystalline  compounds,  rapidly  darkening 
when  stored.  Some  of  the  compounds  belonging  to  this  type  were  obtained  by  the  bromination  of  the  sodium  de¬ 
rivatives  of  hydroxy  methylene  ketones  [9,  10],  but.  as  a  rule,  they  were  not  isolated  in  a  pure  crystalline  form. 

As  is  well  known,  this  is  due  to  the  fact  that  hydroxymethylene  ketones,  serving  as  the  starting  materials,  are 
themselves  quite  impure  due  to  the  ill-defined  nature  of  the  formylation  reaction  [11]. 

The  method  proposed  by  us  for  the  preparation  of  a-bromo-0  -keto  acetals  is  free  of  this  limitation,  since 
in  our  case  there  is  no  doubt  as  to  the  purity  of  the  starting  0-keto  acetal,  and  the  reaction  itself  goes  smoother 
than  is  the  case  with  the  bromination  of  hydroxymethylene  ketones,  leading  to  a  40-65‘5fc  yield  of  bromoketo 
aldehydes. 

Hydrolysis  of  the  acetal  grouping  is  avoided  when  the  bromination  of  cyclic  ethylene  acetals  of  0  -keto 
aldehydes  [3]  with  bromine  is  run  in  absolute  ether  in  the  presence  of  dry  barium  carbonate,  and  the  end  result 
here  is  the  ethylene  acetal  of  the  a-bromoketo  aldehyde: 
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yO  CH2  BaCOj 

RCOCIIjCM/  I  +Ur2  RCO-Clinr-CHC  I 

\O-cn2  ether  \0-CH2 

K  =  CHj,  C,H„  CjH,.  C,H,. 

The  reaction  goes  smoothly,  and  the  yields  range  from  40  to  60%.  The  new  acetals  of  a-bromo-S-keto  alde¬ 
hydes  are  oily  colorless  substances  with  a  sharp  odor,  turning  dark  with  comparative  rapidity  when  stored.  The 
obtained  acetals  are  easily  hydrolyzed  with  dilute  hydrochloric  acid,  as  a  result  of  which  a-bromo-3-keto  alde¬ 
hydes  are  obtained,  identical  with  the  product  obtained  by  brominatlon  in  aqueous  medium,  for  example. 


CII^O-ClIHr-Oir/'’  I  "  ClljCO-Clinr-c/'^ 

\0-CH2  \h. 

The  conditions  under  which  6-keto  acetals  are  brominated  Indicate  that  essentially  the  mobility  of  the 
hydrogen  atoms  in  their  methylene  linkage  differs  but  slightly  from  the  mobility  of  the  a-methylene  hydrogens 
in  ketones,  and  in  any  case,  is  strongly  different  from  the  mobility  of  the  corresponding  atoms  in  6 -dicarbonyl 
compounds.  From  this  it  is  possible  to  conclude  that  the  acetal  grouping  is  essentially  without  influence  on  the 
methylene  linkage  adjacent  to  it.  Nevertheless,  we  were  unable  to  isolate  any  products  of  brominatlon  at  the 
other  ot-position,  found  in  series  with  the  carbonyl  group.  This  indicates  that  the  central  methylene  linkage  in 
B-keto  acetals  contains  hydrogen  atoms  that  are  considerably  more  active  than  are  the  analogous  a-methylene 
hydrogens  in  the  ketone.  A  similar  conclusion  was  reached  by  Plieninger,  who  studied  the  oxidation  of  6-keto 
acetals  with  lead  tetraacetate,  and  found  that  oxidation  occurred  only  at  the  central  methylene  linkage  [8]. 

The  compounds  obtained  in  the  brominatlon  of  a-bromo-8 -keto  aldehydes  and  their  acetals,  being  a- 
bromocarbonyl  compounds,  can  be  used  extensively  in  various  syntheses.  Here  we  will  mention  only  the  synthesis 
of  certain  heterocyclic  compounds.  The  heating  of  a-bromo-B -keto  aldehydes  with  urea  in  acetone  solution 
smoothly  gives  2-amino-6-acyloxazoles  in  50-60%  yield: 


R(:OCIIRrC(f 

\II 


f  NlljCONIla 


RCO"^ 


K  =  rn,, 


One  example  of  such  a  reaction  for  the  case  of  a-bromobezoylacetaldehyde  was  described  earlier  by 
Fodor  [12].  Our  results  indicate  that  this  reaction  is  also  applicable  to  the  aliphatic  series,  and  since  the  bromi 
nation  method  developed  by  us  makes  the  starting  bromides  readily  available,  this  method  of  synthesizing 
2-amino-5-acyloxazoles  assumes  preparative  importance. 

2-Amino-5-acylthiazoles  are  formed  in  high  yield  when  a-bromo-B -keto  aldehydes  are  reacted  with 
thiourea;  the  corresponding  acylthiazoles  are  formed  less  smoothly  when  condensation  is  with  thioamides: 


■T - N 


RCO"^'^S/\niI2 


Jl  =  CH3,  C,ll, 

K  =  cilj,  K'  =  H.  c,n, 


In  the  indicated  condensations  the  starting  bromocarbonyl  derivatives  react  not  as  a-bromo  ketones,  but 
as  a-bromo  aldehydes,  since  aldehydes  are  not  formed,  but  instead  ketones  of  the  thiazole  and  oxazole  series. 
This  was  shown  by  us  in  that  the  obtained  compounds  gave  negative  reactions  for  the  aldehyde  group,  and  also 
by  the  oxidation  of  5-acetylthiazole  (obtained  by  the  condensation  of  a-bromo-6 -keto-butyraldehyde  with 
thioformamide)  with  potassium  permanganate,  where  the  known  5-thiazolecarboxylic  acid  was  obtained. 


2295 
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CllgCO^Xs/  IIOOC^^'S/ 

This  also  at  the  same  time  indicates  the  structure  of  the  initial  a-bromo-6 -ketoaldehyde.  In  fact,  if 
bromination  of  the  original  d -ketoaldehyde  proceeded  along  the  methylene  linkage,  and  not  at  the  methyl  group, 
then  such  a  bromide,  after  condensation  with  thioformamide  and  subsequent  oxidation,  would  not  give  5-thiazole- 
carboxylic  acid. 

The  obtained  a-bromo-fl -keto  aldehydes  and  their  acetals  can  alsofunction  as  0 -dicarbonyl  compounds. 

This  was  demonstrated  by  us  on  the  example  of  synthesizing  naphthopyrylium  salts,  containing  bromine  in  the 
pyrylium  ring.  Since  the  synthesis  of  naphthopyrylium  salts  from  0-keto  acetals  had  not  been  described  before, 
we  first  ran  the  indicated  reaction  on  the  example  of  condensing  the  acetal  of  0 -ketobutyraldehyde  with  0-naph- 
thol  in  the  presence  of  ferric  chloride  in  a  mixture  of  acetic  and  hydrochloric  acids.  Here  we  obtained  2-methyl- 
naphtho  [1,2:  5’,  6']  pyrylium  chloroferrate,  similar  to  the  compound  obtained  earlier  in  our  laboratory  from 
methyl  0 -chlorovinyl  ketone  [13].  Under  the  same  conditions,  the  acetal  of  a-bromo-0 -ketobutyraldehyde  gave 
2-methyl-3-bromonaphiho  [1,2:  6’,  6*]  pyrylium  chloroferrate,  the  first  member  of  the  previously  unknown  bromo- 
pyrylium  salts. 


i  I  .4-c.i,,r.ociixcT,<  I  |  fccij 

0-C112 


oil 


X 
I 

I  ^ 


cil. 


This  reaction  shows  that  the  keto  acetals  obtained  by  us  can  be  used  to  synthesize  bromine -containing 
heterocyclic  compounds  by  the  direct  condensation  of  the  indicated  acetals  with  appropriate  reagents. 

EXPERIMENTAL 

Bromination  of  0-Keto  Acetals  in  Aqueous  Medium.  With  stirring  and  Illumination  of  the  reaction  mixture 
with  a  strong  electric  lamp,  5.4  ml  of  bromine  was  added  in  drops  to  a  mixture  of  0.1  mole  of  the  0-keto  acetal, 
10  g  of  barium  carbonate  and  25-30  ml  of  water.  Several  minutes  after  starting  the  reaction,  the  flask  was  heated 
cautiously  on  the  water  bath  until  vigorous  reaction  set  in.  When  half  of  the  bromine  had  been  added  the  tem¬ 
perature  of  the  mixture  was  up  to  40-50*,  and  the  heating  was  terminated.  After  all  of  the  bromine  had  been 
added  the  mixture  was  stirred  until  it  became  colorless,  then  it  was  cooled,  the  lower  layer  separated,  the  upper 
layer  extracted  3  times  with  ether,  the  extracts  added  to  the  main  product,  the  whole  dried  over  sodium  sulfate, 
the  ether  evaporated  under  a  slight  vacuum,  the  crystalline  residue  filtered  on  a  porous  filter,  washed  with  several 
ml  of  petroleum  ether,  then  with  1-2  ml  of  chloroform,  again  with  petroleum  ether,  and  finally  it  was  dried  in  a 
vacuum  desiccator.  The  properties  of  the  a-bromo-0 -keto  aldehydes  obtained  in  this  manner  are  summarized 
in  Table  1. 

Bromination  of  0-Keto  Acetals  in  Ether.  To  a  mixture  of  0.1  mole  of  0  -ketoaldehyde  ethylene  acetal  and 
20  g  of  barium  carbonate  in  35-45  ml  of  absolute  ether  (in  the  case  of  benzoylacetaldehyde,  in  190-200  ml)  was 
added,  with  stirring  and  illumination  of  the  reaction  mixture  with  a  strong  electric  lamp,  5.3  ml  of  bromine  in 
drops.  The  bromination  went  very  slowly  at  first,  and  then  it  became  vigorous.  After  all  of  the  bromine  had 
been  added  and  the  reaction  mixture  had  decolorized,  the  latter  was  stirred  for  several  minutes  more,  and  the 
precipitate  was  filtered  and  washed  thoroughly  with  absolute  ether.  The  filtrate  was  dried  over  sodium  sulfate, 
the  ether  was  evaporated  in  vacuo,  and  the  residue  was  distilled  twice.  In  the  case  of  the  bromination  of  benzoyl¬ 
acetaldehyde  the  residue,  after  distilling  off  the  ether,  was  placed  in  the  refrigerator  for  several  days,  where  it 
crystallized,  after  which  it  was  filtered  on  a  porous  filter,  and  then  recrystallized  from  methanol.  The  properties 
of  the  a-bromo-0 -ketoaldehyde  ethylene  acetals  obtained  in  such  manner  are  summarized  in  Table  2. 

Hydrolysis  of  a-Bromo-0  -ketobutyraldehyde  Ethylene  Acetal.  A  mixture  of  1.5  g  of  the  bromo  acetal  and 
10  ml  of  IN  hydrochloric  acid  was  stirred  at  room  temperature  for  40-50  minutes,  after  which  the  oil  layer  was 
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separated,  while  the  water  layer  was  extracted  3  times  with  ether.  The  ether  extracts  were  combined  with  the 
organic  layer,  the  whole  dried  over  magnesium  sulfate,  the  ether  distilled  off,  and  the  obtained  crystals  separated 
on  a  porous  filter,  followed  by  washing  and  chloroform  and  petroleum  ether.  We  obtained  3.3  g  (40Tfc)  of  a-bromo- 
6 -ketobutyraldehyde  with  m.p.  108.5-109.5*.  The  melting  point  was  not  depressed  when  the  compound  was 
mixed  with  that  obtained  by  the  bromlnatlon  of  acetylacetaldehyde  acetal  In  water  (see  above). 

2-Amlno-5-acetyloxazole.  A  mixture  of  1.1  g  of  a-bromo-6 -ketobutyraldehyde  and  1  g  of  urea  In  32 
Tnl  of  acetone  was  heated  for  45  minutes  on  the  water  bath.  The  precipitate  had  dissolved  completely  by  the 
end  of  reaction.  Most  of  the  acetone  was  distilled  off,  after  which  the  oily  precipitate  was  poured  Into  150  ml 
of  water  and  made  alkaline  with  ammonia.  After  evaporating  most  of  the  water,  the  obtained  crystalline  precip¬ 
itate  was  filtered,  dissolved  In  a  small  amount  of  dilute  hydrochloric  acid,  the  solution  filtered,  and  the  filtrate 
cautiously  made  alkaline  with  ammonia.  The  obtained  yellow  precipitate  was  separated,  and  then  washed  with 
alcohol  and  ether.  Evaporation  of  the  mother  liquor  gave  an  additional  amount  of  the  substance.  Yield  0.32  g 
(53%).  After  sublimation  In  vacuo,  m.p.  210-211.5*. 

Found  %:  C  47.19,  47.24;  H  5.33,  5.29.  CgHgO^N,.  Calculated  %:  C  47.56;  H  4.86. 

Colorless  crystals,  readily  soluble  In  most  organic  solvents.  The  compound  turns  dark  when  stored  for  a 
long  time. 

2-Amlno-5-proplonyloxazole.  Obtained  In  a  similar  manner  as  the  above  from  1.63  g  of  a-bromo-ft- 
ketovaleraldehyde  and  1.1  g  of  urea  In  35  ml  of  acetone.  Yield  0.6  g  (60%).  The  substance  after  sublimation 
had  m.p.  164.5-166*. 

Found  %:  N  20.13,  20.04.  CjHjO^N,.  Calculated  %:  N  19.99. 

2-Amlno-5-acetylthia2ole.  A  solution  of  2  g  of  a-bromo-0 -ketobutyraldehyde  In  35  ml  of  absolute  alco¬ 
hol  was  mixed  with  a  solution  of  0.9  g  of  thiourea  In  40  ml  of  alcohol.  When  mild  heat  evolution  had  ceased 
the  mixture  was  heated  for  5-10  minutes  at  60-70*,  and  here  It  assumed  a  dark  red  color.  Then  the  alcohol  was 
vacuum-distilled,  and  the  obtained  crystals  were  filtered  and  treated  with  sodium  carbonate  solution.  The  alkaline 
solution  was  Immediately  extracted  with  ether  several  times.  The  extracts  were  dried  over  sodium  sulfate,  the 
ether  was  distilled  off,  and  the  obtained  crystals  were  filtered  and  recrystallized  from  alcohol.  Yield  2.7  g  (90%), 
m.p.  176-178*. 

Found  %:  N  19.92,  19.73.  CgHaONjS.  Calculated  %:  N  19.72. 

Yellow  crystals,  soluble  In  most  organic  solvents.  The  substance  Is  stable  to  storage. 

2-Amlno-5-propionylthlazole.  Obtained  In  a  similar  manner  from  3  go  of  a-bromo-8 -ketolsovaleraldehyde 
and  1.3  g  of  thiourea  In  65  ml  of  alcohol.  Yield  2.1  g  (80%).  After  recrystallization  from  alcohol,  m.p.  148-150*. 

Found  %:  C  45.98,  46.18;  H  5.10,  5.21;  S  20.37.  C,H,ON,S.  Calculated  %:  C  46.13;  H  5.13;  S  20.51. 

5-Acetylthlazole.  A  solution  of  2.5  g  of  a-bromo-6 -ketobutyraldehyde  In  100  ml  of  absolute  ether  was 
added  to  a  solution  of  2.2  g  of  technical  thloformamide  [14]  In  15  ml  of  ether.  After  heating  on  the  water  for 
30  minutes  the  reaction  mixture  was  allowed  to  stand  overnight,  after  which  the  ether  was  distilled  off,  the  residue 
made  alkaline,  and  the  alkaline  solution  repeatedly  extracted  with  ether.  The  extracts  were  dried  over  sodium 
sulfate,  the  ether  was  distilled  off,  and  the  residual  oil  was  allowed  to  stand  In  the  refrigerator  to  crystallize. 

The  crystals  were  filtered,  while  the  filtrate  was  extracted  with  hexane,  from  which  some  additional  material 
was  isolated  by  freezing.  The  total  yield  of  5-acetylthiazole  was  0.3  g(15%).  After  recrystallization  from 
petroleum  ether  the  compound  had  m.p.  64.5-65.5*. 

Found  %:  N  11.21 ,  11.17.  C5H5ONS.  Calculated  %:  N  11.02. 

Colorless  crystals,  readily  soluble  In  alcohol,  benzene  and  ether,  and  difficultly  soluble  In  petroleum  ether 
and  ligroln. 

2-Phenyl-5-acetylthlazole.  A  solution  of  4.5  g  of  a-bromo-6 -ketobutyraldehyde  in  30  ml  of  alcohol 
was  added  to  a  solution  of  3.7  g  of  thiobenzamlde  in  10  ml  of  alcohol,  and  the  mixture  heated  on  the  water  bath 
for  3  hours.  After  conventional  workup,  we  isolated  2.2  g(40%)  of  2-phenyl-5-acetylthiazole  with  m.p.  148.5- 
150*  (from  alcohol). 
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Found‘d:  N  6.68,  6.74.  CnH^NS.  Calculated  %;  N  6.88. 

Colorless  crystals,  readily  soluble  in  benzene,  moderately  soluble  in  chloroform  and  alcohol,  and  difficultly 
soluble  in  hexane. 

Oxidation  of  5-Acetylthiazole  With  Potassium  Permanganate.  Into  a  flask,  fitted  with  an  efficient  stirrer, 
was  charged  0.1  g  of  5-acetylthiazole  in  30  ml  of  water  and  then  1  g  of  potassium  permanganate  was  added  in 
portions,  with  stirring,  in  20  minutes.  The  reaction  mixture  was  heated  for  20  minutes  to  70*,  after  which  it  was 
stirred  for  some  time  at  room  temperature.  The  mixture  was  filtered  and  extracted  with  ether,  while  the  filtrate 
was  acidified,  and  then  extracted  repeatedly  with  ether.  After  removal  of  the  ether  by  distillation  the  crystalline 
precipitate  was  precipitated  from  sodium  carbonate  solution  with  acid,  and  then  dried  in  a  desiccator,  after  which 
it  had  m.p.  196.5-197.5*.  Literature  [15]  for  5-thiazolecarboxylic  acid:  m.p.  196-197*. 

2-Methylnaphtho  [1,  2:  6*,  6*]  Pyrylium  Chloroferrate.  To  0.4  g  of  6-ketobutyraldehyde  ethylene  acetal 
were  added  in  succession  a  solution  of  0.5  g  of  0-naphthol  in  5  ml  of  glacial  acetic  and  a  solution  of  3.3  g  of 
ferric  chloride  in  5  ml  of  cone,  hydrochloric  acid.  A  precipitate  began  to  deposit  immediately.  After  a  day 
the  crystals  were  suction-filtered,  washed  with  acetic  acid,  then  with  absolute  ether,  and  recrystallized  from 
glacial  acetic  acid.  Yield  0.5  g  (50%).  Green  needles  with  m.p.  151-152*.  Literature  [13]:  m.p.  151.5-152*. 
The  mixed  melting  point  with  an  authentic  specimen  was  not  depressed. 

2-Methyl-3-bromonaphtho  [1,  2t  5*,  6*]  Pyrylium  Chloroferrate.  To  0.93  g  of  0  -naphthol  in  5  ml  of 
glacial  acetic  acid  and  a  solution  of  3.3  g  of  ferric  chloride  in  5  ml  of  coned,  hydrochloric  acid.  The  mixture 
soon  began  to  deposit  crystals  of  the  pyrylium  salt,  which  were  filtered  after  two  days.  After  conventional  work¬ 
up,  we  obtained  0.6  g  (32%)  of  compound  with  m.p.  203-205*. 

Found  %:  C  35.79,  35.92;  H  2.34,  2.41.  C^HioOCUBtFe.  Calculated  %  C  35.71;  H  2.13. 

Green  needles,  difficultly  soluble  in  ether,  and  iTX)derately  soluble  in  acetic  acid.  The  substance  is  stable 
to  storage. 


SUMMARY 

1.  A  method  was  developed  for  the  synthesis  of  a-bromp-0 -keto  aldehydes  by  the  bromination  of  0-keto 
aldehydes  in  aqueous  medium  in  the  presence  of  barium  carbonate. 

2.  A  method  was  developed  for  the  synthesis  of  a-bromo-0  -ketoaldehyde  ethylene  acetals  by  the  bromi¬ 
nation  of  0 -ketoaldehyde  ethylene  acetals  in  ether  in  the  presence  of  barium  carbonate. 

3.  2-Amino-5-acyloxazoles  were  obtained  by  the  condensation  of  ot-bromo-0 -keto  aldehydes  with  urea, 
while  2-substituted  5-acylthiazoles  were  obtained  by  the  condensation  of  the  indicated  aldehydes  with  thiourea 
and  thioamides.  In  this  manner  it  was  shown  that  a-bromo-0 -keto  aldehydes  react  as  a-bromo  aldehydes  in  the 
studied  reactions. 

4.  The  reaction  of  a-bromo-0 -ketoaldehyde  ethylene  acetals  with  0-naphthol  in  the  presence  of  ferric 
chloride  and  hydrochloric  acid  yields  2-alkyl-3-bromonaphtho  [1,2:  5’,  6’]  pyrylium  salts. 
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SYNTHESIS  OF  3  -  H  Y  DROX  Y  -  3  -  A  L  K  Y  L(  A  R  Y  L)0  U I N  U  C  LID  I N  ES 
AND  THEIR  ESTERS 

E.  E.  Mikhlina  and  M.  V.  Rubtsov 

The  S.  Ordzhonikidze  All-Union  Chemicophaririaceutical 
Scientific-Research  Institute 


A  systematic  study  of  various  substituted  quinuclidine  derivatives,  conducted  in  our  laboratory  over  a 
number  of  years,  has  made  it  possible  to  show  that  some  of  the  2-mono-  and  2,3-disubstituted  derivatives  of 
quinuclidine  possess  high  biological  activity  [1,  2].  The  biological  properties  of  3-substituted  quinuclidine  de¬ 
rivatives  have  been  studied  in  lesser  detail.  Only  the  spasmolytic  activity  of  some  esters  of  3-hydroxyquinucli- 
dine,  shown  in  [3],  should  be  mentioned  here. 

For  the  purpose  of  making  a  broader  study  of  3-substituted  quinuclidine  derivatives,  we  synthesized  a 
number  of  3-hydroxy-3-alkyl(aryl)qulnuclidines  and  their  esters.  3-Ouinuclidone  was  used  as  the  starting 
material  for  obtaining  the  3-hydroxy-3-alkyl(aryl)qulnuclidines.  This  ketone  was  converted  to  3-hydroxy-3- 
alkyl(aryl)quinuclidlnes  (I)  when  reacted  with  or  ga  no  magnesium  compounds.  In  some  cases  much  better  yields 
of  the  tertiary  alcohols  were  obtained  if  organolithium  compounds  were  used  instead  of  organomagnesium  com¬ 
pounds.  Thus,  the  reaction  of  3-qulnuclidone  with  methylmagnesiutn  iodide  gave  a  2770  yield  of  3-hydroxy-3- 
methylquinuclldine,  whereas  when  the  reaction  was  run  with  methyllithium  the  yield  of  tertiary  alcohol  was  8l7o. 
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The  3-hydroxy-3-alkyl(aryl)quinuclidines  were  converted  to  the  esters  (II)  by  heating  the  corresponding 
tertiary  alcohols  with  acid  chlorides.  The  best  results  were  obtained  when  the  reaction  was  run  in  chloroform. 

The  esterification  did  not  go  to  completion  when  the  components  were  heated  in  benzene,  and  we  found  that 
the  obtained  reaction  mixture  of  ester  and  starting  alcohol  could  not  be  separated.  The  long  heating  of  3-phenyl- 
3-hydroxyquinuclidine  (le)  with  acid  chlorides  (benzoyl  and  propionyl  chlorides)  in  the  absence  of  a  solvent  gave, 
instead  of  the  expected  esters,  3-phenyl-l-azabicyclo  [2,2,2]  oct-2-ene  (Ilia).  The  ease  with  which  3-phenyl-3- 
hydroxyquinuclidine  (le)  was  converted  under  the  indicated  conditions  to  unsaturated  compound  (Ilia)  caused  us 
to  study  the  action  of  other  water -removing  agents  on  3-hydroxy-3-alkyl(aryl)quinuclidines.  As  components, 
capable  of  cleaving  water,  we  selected  thionyl  chloride  and  sulfuric  acid.  It  was  found  that  when  3-phenyl-3- 
hydroxyquinuclidine  (le)  was  heated  for  a  long  time  with  approximately  15  moles  of  thionyl  chloride,  it  was 
converted  to  a  difficultly  separable  mixture  of  3-phenyl-l-azabicyclo  [2,2,2]  oct-2-ene  (Ilia)  and  3-phenyl-3- 
chloroquinuclidine.  The  heating  of  this  mixture  with  alcoholic  KOH  solution  led  to  only  one  substance,  namely 
3-phenyl-l-azabicyclo  [2,2,2]  oct-2-end  (Ilia),  which  is  formed  as  the  result  of  the  3-phenyl-3-chloroquinucli- 
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dine,  present  in  the  mixture,  being  converted  to  unsaturated  compound  (Ilia).  The  heating  of  3-phenyl-3“hydrox 
yquinuclidine  (le)  with  70%  sulfuric  acid  gave  unsaturated  compound  (Ilia)  in  about  907o  yield. 

3-Methyl-3-hydroxyquinuclIdine  (la)  behaves  somewhat  differently  with  the  indicated  water -removing 
agents.  (la)  remains  unchanged  when  heated  with  70%  sulfuric  acid,  while  treatment  with  807o  sulfuric  acid 
leads  to  complete  tarring  of  the  compound.  Short  heating  of  3-methyl-3-hydroxyquinucIidine  (la)  with  the 
molecular  amount  of  thionyl  chloride  in  benzene  is  accompanied  by  the  exclusive  formation  of  3-methyl-l- 
azabicyclo  [2,2,2]  oct-2-ene  (Illb). 
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Reduction  of  unsaturated  compounds  (III)  in  the  presence  of  platinum  catalyst  (Adams  method)  yields 
3-alkyl(aryl)quinuclidines  (IV). 

Based  on  the  best  data  obtained  by  the  Pharmacological  Section  of  the  All-Union  Chemlcopharmaceutical 
Research  Institute,  the  esters  of  3-hydroxy-3-alkyl(aryl)quinuclidines  proved  to  have  little  activity  as  choline 
and  spasmolytic  agents. 


EX  PERIMENT  A  L 

3-Methyl-3-hydroxyquinuclidine  (la),  a)  A  solution  of  13  g  of  methyl  iodide  in  30  ml  of  dry  ether  was 
added  to  a  suspension  of  2.16  g  of  magnesium  in  20  ml  of  dry  ether  at  such  a  rate  that  the  ether  boiled  gently. 
Then  the  reaction  mass  was  heated  for  another  hour  at  ether  boil  to  effect  complete  solution  of  the  magnesium. 
After  this  the  mixture  was  cooled  to  -10*,  and  a  solution  of  5  g  of  3-quinuclidone  in  30  ml  of  ether  was  added 
gradually  with  stirring,  maintaining  the  temperature  between  -7  and  -10*.  The  reaction  mass  was  allowed  to 
stand  for  18  hours  at  -5*.  Then  70  ml  of  12%  hydrochloric  acid  was  added,  and  the  ether  layer  was  separated  and 
washed  with  127o  hydrochloric  acid  solution.  The  combined  hydrochloric  acid  extracts  were  evaporated  on  the 
water  bath  to  a  small  volume,  treated  with  50%  potassium  carbonate  solution,  the  inorganic  salts  suction-filtered, 
and  the  alkaline  filtrate  extracted  with  chloroform.  The  chloroform  solution  was  dried  over  potassium  carbonate, 
the  solvent  vacuum-distilled,  and  the  residue  ground  with  30  ml  of  ether,  and  1  g  of  a  tarry  mass  separated. 

The  ether  solution  was  evaporated  to  a  volume  of  10  ml,  and  cooling  of  the  residue  gave  crystals  of  3-methyl- 
3-hydroxyquinuclidine.  The  product  was  filtered  and  washed  with  ether  to  give  1.53  g  (277®)  of  substance.  M.p. 
108-110*.  From  [5]:  m.p.  109-111*.  After  separating  the  3-methyl-3-hydroxyquinuclidine,  we  recovered  1.2  g 
of  3-quinuclidone  from  the  ether  mother  liquor. 

b)  A  solution  of  28.7  g  of  methyl  iodide  in  30  ml  of  ether  was  added  with  stirring  to  2.8  g  of  finely  cut 
lithium,  immersed  in  70  ml  of  dry  ether,  with  maintenance  of  a  gentle  ether  boil  during  the  addition.  Then  the 
reaction  mass  was  kept  at  same  temperature  for  another  2  hours,  after  which  it  was  cooled  to  5*,  and  a  solution 
of  10  g  of  3-quinuclidone  in  100  ml  of  dry  benzene  was  added,  keeping  the  temperature  of  the  mixture  between 
5  and  10*.  Then  the  mixture  was  allowed  to  stand  at  room  temperature  for  15-18  hours;  at  the  end  of  this  time 
30  ml  of  water  was  added,  then  50  ml  of  50%  KOH  solution,  and  the  alkaline  solution  was  extracted  with  benzene. 
The  benzene  solution  was  dried  over  potassium  carbonate,  and  the  residue,  after  distilling  off  the  benzene,  was 
recrystallized  from  50  ml  of  ethyl  acetate.  We  obtained  9.2  g  (81.2%)  of  3-methyl-3-hydroxyquinuclidine. 

M.p.  108-110*. 

3-Methyl-l-azabicyclo  [2,2,2]  oct-2-ene  (Illb).  A  mixture  of  1.2  g  of  3-methyl-3-hydroxyquinuclidine 
hydrochloride,  1  g  of  thionyl  chloride  and  12  ml  of  dry  benzene  was  heated  at  55-60*  for  7  hours.  Here  all  of 
the  solid  went  into  solution.  The  benzene  was  vacuum-distilled,  while  the  residue  was  dissolved  in  5  ml  of  an¬ 
hydrous  alcohol,  and  the  alcohol  solution  was  treated  with  30  ml  of  ether.  The  obtained  crystals  were  filtered 
and  washed  with  ether.  We  obtained  0.9  g  (83.7%)  of  3-methyl-l-azabicyclo  [2,2,2]  oct-2-ene  hydrochloride. 
M.p.  251-253*  (from  alcohol). 
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Found  %  C  61.17;  H  9.26;  N  8.75;  Cl  22.06.  CjHijN  *  HCl.  Calculated  C  60.73;  H  8.82;  N  8.77;  Cl 

22.30. 

3-Methylqulnuclidlne  (IVb).  A  solution  of  3-methyl-azablcyclo  [2.2.2]  oct-2-ene  hydrochloride  in  30  ml 
of  anhydrous  alcohol  was  shaken  with  hydrogen  in  the  presence  of  0.1  g  of  platinum  oxide  (Adams  method).  After 
the  calculated  amount  of  hydrogen  had  been  absorbed,  the  platinum  black  was  filtered,  and  the  alcohol  solution 
was  evaporated  in  vacuo.  We  obtained  1.3  g(86.6Ti))  of  3-methylquinuclidine  hydrochloride.  M.p.  312-314*. 
According  to  [6],  m.p.  312-324*. 

3-Ethyl-3-hydroxyquinuclidine  (Ib).  Ethylmagnesium  bromide  was  prepared  by  reacting  1.75  g  of  magne¬ 
sium  with  7.85  g  of  ethyl  bromide  in  45  ml  of  dry  ether.  An  ether  solution  of  3  g  of  3-quinuclidone  in  35  ml  of 
ether  was  added  to  the  ether  solution  of  ethylmagnesium  bromide  at  -8  to  -10*.  Then  the  reaction  mass  was  kept 
at  room  temperature  for  40  hours,  after  which  it  was  heated  in  succession  with  10  ml  of  water  and  20  ml  of  17^ 
hydrochloric  acid.  The  ether  layer  was  separated,  while  the  hydrochloric  acid  solution  was  treated  with  50  ml 
of  50‘7o  KOH  solution,  and  then  extracted  with  benzene.  The  benzene  solution  was  dried  over  potassium  carbonate, 
the  benzene  was  vacuum-distilled,  and  the  residue  was  recrystallized  from  15  ml  of  anhydrous  ethyl  acetate. 

We  obtained  1.4  g  (37.7*70)  of  3-ethyl-3-hydroxyquinuclidine  as  colorless  crystals,  readily  soluble  in  alcohol, 
acetone  and  chloroform,  more  difficultly  soluble  in  water,  and  insoluble  in  ether.  M.p.  109-111*. 

Found  *7o:  C  69.53,  70.00;  H  11.13,  11.04.  C,HitON.  Calculated  *70:  C  69.68;  H  10.97. 

3-Allyl-3-hydroxyquinuclidine  (Ic).  A  solution  of  3  g  of  3-quinuclidone  in  30  ml  of  ether  was  added  at 
-8  to  -10*.  with  stirring,  to  a  solution  of  allylmagnesium  bromide  in  70  ml  of  dry  ether,  prepared  from  1.75  g 
of  magnesium  and  8.7  g  of  allyl  bromide.  The  reaction  mass  was  kept  at  room  temperature  for  20  hours,  and 
then  it  was  heated  at  the  boil  for  3  hours.  After  treatment,  similar  to  that  described  in  the  previous  experiment, 
the  alkaline  solution  was  extracted  with  benz’ene.  The  benzene  extract  was  dried  over  potassium  carbonate,  the 
benzene  was  distilled  off,  and  the  residue  was  heated  in  a  vacuum  (10-12  mm);  here  2  g  of  sublimed  3-quinucli¬ 
done  was  obtained.  The  substance,  obtained  after  removal  of  the  3-quinuclidone,  was  vacuum-distilled  twice. 

We  obtained  0.5  g  of  3-aIlyl-3-hydroxyquinuclidine  as  a  viscous  yellow  liquid,  readily  soluble  in  organic  solvents, 
and  difficultly  soluble  in  water.  B.p.  126-130*  (0.3  mm). 

Found  *7o:  C  71.29;  H  9.96.  C10H17ON.  Calculated  C  71.85;  H  10.18. 

3-Isoamyl-3-hydroxyquinuclidine  (Id).  A  solution  of  3  g  of  3-quinuclidone  in  30  ml  of  ether  was  added 
at  0-2*,  with  stirring,  to  a  solution  of  isoamylmagnesium  bromide  in  40  ml  of  anhydrous  ether,  obtained  from 
9.05  g  of  isoamylbromide  and  1.46  g  of  magnesium.  The  reaction  mass  was  then  worked  up  as  described  above. 
The  alkaline  solution  was  extracted  with  chloroform.  The  chloroform  extract  was  dried  over  potassium  carbonate, 
the  chloroform  was  vacuum-distilled,  and  the  residue  was  sublimed  to  give  1.5  g  of  3-quinuclidone.  The  vis¬ 
cous  liquid,  obtained  after  removal  of  the  3-quinuclidone,  was  ground  with  10  ml  of  water,  and  the  obtained 
crystals  were  separated,  washed  with  water,  dried,  and  then  recrystallized  from  ether,  using  charcoal.  We  ob¬ 
tained  0.3  g  of  3-isoamyl-3-hydroxyquinuclidone.  M.p.  107-110*. 

Found  *70:  C  72.90,  73.09;  H  11.69,  11.76;  N  7.15,  7.37.  CijHjjON.  Calculated  *^:  C  73.10;  H  11.67; 

N  7.10. 

The  hydrochloride  was  obtained  as  colorless  crystals,  m.p.  192-194*. 

3-Phenyl-3-hydrocyquinuclidine  (le).  A  solution  of  14  g  of  3-quinuclidone  in  80  ml  of  ether  was  added 
at  5*,  with  stirring,  to  a  solution  of  phenylUthium  in  90  ml  of  dry  ether,  obtained  from  1.96  g  of  lithium  and 
22.3  g  of  bromobenzene.  The  mixture  was  kept  at  room  temperature  for  15  hours,  then  heated  at  the  boil  for 
2  hours,  cooled  to  room  temperature,  and  treated  with  25  ml  of  water.  The  obtained  precipitate  was  filtered, 
and  washed  on  the  filter  with  water,  and  then  with  ether.  We  obtained  17.32  g  (76.4*70)  of  3-phenyl-3-hydroxy- 
quinuclidine  as  colorless  crystals,  readily  soluble  in  alcohol,  less  readily  soluble  in  ethyl  acetate  and  benzene, 
and  insoluble  in  ether  and  water.  M.p.  164-166**  (from  a  mixture  of  alcohol  and  ethyl  acetate). 

Found  *7o:  C  76.75;  H  8.30;  N  6.94.  C13H17ON.  Calculated  C  76.85;  H  8.37;  N  6.90. 

The  hydrochloride  was  obtained  as  colorless  crystals,  m.p.  217-219*. 


*  When  the  present  study  had  been  completed  and  was  ready  to  be  published,  a  communication  [4]  appeared  in 
which  the  preparation  of  3-phenyl-3-hydroxyquinuclidine  was  described. 
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3-Phenyl-l-azablcyclo  [2.2.2]  oct-2-ene  (Ilia),  a)  A  mixture  of  1  g  of  3“phenyl-3-hydroxyqulnuclldlne, 

5  ml  of  thionyl  chloride  and  12  ml  of  dry  benzene  was  heated  for  3  hours  at  55-60*.  The  benzene  and  excess 
thionyl  chloride  were  vacuum-distilled.  The  residue  was  treated  with  10  ml  of  50%  potassium  carbonate  solution, 
and  the  alkaline  solution  was  extracted  with  chloroform.  The  chloroform  solution  was  dried  over  sodium  sulfate. 

The  oily  substance,  obtained  after  distilling  off  the  chloroform,  gave  a  positive  test  for  both  halogen  and  double 
bond.  This  substance  was  apparently  a  mixture  of  3-phenyl-l-azabicyclo  [2.2.2]  oct-2-ene  and  3-phenyl-3-chloro- 
quinuclidine.  To  cleave  hydrogen  chloride  from  the  latter,  the  obtained  substance  was  treated  with  a  solution  of 
0.12  g  of  KOH  in  3  ml  of  anhydrous  alcohol,  and  the  reaction  mass  was  heated  at  the  boil  for  5  hours.  The  cooled 
mixture,  containing  a  precipitate  of  potassium  chloride,  was  treated  with  an  alcohol  solution  of  hydrogen  chloride 
until  it  showed  acid  to  Congo.  The  potassium  chloride  was  suction-filtered,  the  alcohol  was  vacuum-distilled, 
and  the  residue  was  treated  with  50%  potassium  carbonate  solution,  and  then  extracted  with  ether.  The  ether 
extract  was  dried  over  potassium  carbonate,  the  ether  was  distilled  off,  and  the  substance  was  vacuum-distilled. 

We  obtained  0.4  g(52.6%)  of  3-phenyl-l-azabicyclo  [2.2.2]  oct-2-ene  as  a  colorless  mobile  liquid,  readily  solu¬ 
ble  in  water  and  in  organic  solvents.  B.p.  105-108*  (0.35  mm). 

Found  %:  N  7.61,  7.82.  CijHnN.  Calculated  %:  N  7.57. 

b)  A  mixture  of  2  g  of  3-phenyl-3-hydroxyquinuclidine  and  2  ml  of  freshly  distilled  propionyl  chloride  was 
heated  at  80*  for  10  hours.  The  cooled  solution  was  treated  with  15  ml  of  dry  ether,  and  the  obtained  precipitate 
was  separated,  washed  with  ether,  and  dried.  We  obtained  1.65  g  (75.7%)  of  3-phenyl-l-azablcyclo  [2.2.2]  oct- 
2-ene  hydrochloride.  Colorless  crystals,  readily  soluble  in  water,  alcohol  and  acetone,  and  insoluble  in  ethyl 
acetate,  ether  and  benzene.  M.p.  211-212*  (from  a  mixture  of  acetone  and  ether). 

Found  %:  C  70.63,  70.43;  H  7.36,  6.70;  N  6.13;  Cl  15.93.  CijHijN'HCl.  Calculated  %:  C  70.42; 

H  7.23;  N  6.32;  Cl  16.03. 

c)  A  solution  of  1.5  g  of  3-phenyl-3-hydroxyquinuclidine  in  3  ml  of  70%  sulfuric  acid  was  heated  on  the 
boiling  water  bath  for  5  hours.  The  solution  gradually  assumed  a  dark  brown  color.  At  the  end  of  heating,  the 
reaction  mass  was  cooled,  diluted  with  5  ml  of  water,  made  alkaline  with  50%  potassium  carbonate  solution, 
and  extracted  with  ether.  The  ether  solution  was  dried  over  potassium  carbonate,  the  ether  distilled  off,  and  the 
residue  vacuum-distilled.  We  obtained  1.2  g  (87.6%)  of  3-phenyl-l-azabicyclo  [2.2.2]  oct-2-ene.  B.p.  106-108* 
(0.35  mm). 

The  hydrochloride  had  m.p.  211-212*,  and  did  not  depress  the  melting  point  when  mixed  with  the  substance 
obtained  by  method  "b". 

3-Phenylquinuclidine  (IVa).  To  a  solution  of  1.15  g  of  3-phenyl-l-azabicyclo  [2.2.2]  oct-2-ene  in  30 
ml  of  anhydrous  alcohol  was  added  0.1  g  of  platinum  oxide  (Adams  method),  and  the  mixture  was  shaken  with 
hydrogen.  When  the  calculated  amount  of  hydrogen  had  been  absorbed  (130  ml),  the  platinum  black  was  filtered, 
the  alcohol  solution  was  evaporated  in  vacuo,  and  the  residue  was  diluted  with  a  small  amount  of  ether,  and  the 
crystals  filtered!  We  obtained  1  g(86.7%)  of  3-phenylquinuclidine  hydrochloride.  Colorless  crystals,  readily 
soluble  in  alcohol  and  water,  difficultly  soluble  in  acetone,  and  insoluble  in  ether,  benzene  and  ethyl  acetate. 

M.p.  189-191*  (from  a  mixture  of  acetone  and  alcohol). 

Found  %:  N  6.01,  6.10;  Cl  15.63,  15.70.  C13H17N  •  HCl.  Calculated  %:  6.26;  Cl  15.88. 

The  free  3-phenylquinuclidine  was  isolated  by  treating  3-phenylquinuclidine  hydrochloride  with  potassium 
carbonate.  3-Phenylquinuclidine  was  obtained  as  a  colorless  mobile  liquid,  soluble  in  organic  solvents  and  in 
water.  B.p.  114*  (0.3  mm). 

Found  %:  N  7.40.  CuH^N.  Calculated  %:  N  7.48. 

3-( a-Naphthyl)-3-hydroxyquinuclldlne  (If).  A  solution  of  5  g  of  3-quinuclidone  in  50  ml  of  ether  was 
added  at  2-3’,  with  stirring,  to  the  naphthylmagnesium  bromide,  prepared  from  20.7  g  of  a-bromo -naphthalene, 
2.43  g  of  magnesium  and  60  ml  of  dry  ether.  The  reaction  mass,  after  treating  as  described  in  previous  experi¬ 
ments,  was  treated  with  50  ml  of  17%  hydrochloric  acid,  the  mixture  stirred  until  the  precipitate  dissolved,  after 
which  the  hydrochloric  acid  layer  was  separated  and  extracted  with  ether  until  all  of  the  naphthalene  had  been 
removed.  Then  the  hydrochloric  acid  solution  was  treated  with  50%  potassium  carbonate  solution,  and  the  ob¬ 
tained  precipitate  was  separated,  washed  with  water,  and  dried.  The  dry  precipitate  was  extracted  with  hot  chloro- 
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form,  the  chloroform  solution  was  evaporated  in  vacuo,  and  the  residue  was  dissolved  in  80  ml  of  alcohol.  The 
alcohol  solution  was  decolorized  with  charcoal,  filtered,  and  evaporated  to  a  volume  of  10  ml.  The  obtained 
crystals  were  separated,  washed  with  a  small  amount  of  alcohol,  and  dried.  We  obtained  3.3  g  of  3-(  a-naphthyl)- 
3-hydroxyquinuclldlne  as  colorless  crystals,  readily  soluble  in  acetone,  alcohol  and  chloroform,  and  insoluble  in 
ether,  benzene  and  water.  M.p.  224-226*  (from  alcohol). 

Found  %  C  80.38,  80.25;  H  7.38,  7.42;  N  6.39,  5.21.  C17H19ON.  Calculated  C  80.62;  H  7.51;  N  5.53. 

3-Benzyl-3-hydroxyqulnuclidlne  (Ig).  A  solution  of  3  g  of  3-quinuclidone  in  30  ml  of  ether  was  added  to 
a  solution  of  benzylmagnesium  chloride  in  35  ml  of  dry  ether,  obtained  from  7.6  g  of  benzyl  chloride  and  1.46  g 
of  magnesium.  The  reaction  was  run  the  same  as  in  the  previous  experiment.  After  decomposing  the  Grlgnard 
complex  with  hydrochloric  acid,  the  hydrochloric  acid  solution  was  treated  with  50^  potassium  carbonate  solu¬ 
tion,  and  then  extracted  with  chloroform.  The  chloroform  solution  was  dried  over  sodium  sulfate,  the  chloroform 
was  distilled  off,  and  the  solid  residue  was  recrystallized  from  a  mixture  of  30  ml  of  acetone  and  15  ml  of  alcohol. 
We  obtained  2.15  g  of  3-benzyl-3-hydroxyqulnuclidine.  Colorless  crystals,  soluble  in  alcohol,  and  insoluble  in 
water,  ether,  acetone  and  ethyl  acetate.  M.p.  175-177*. 

Found  C  77.71,  77.43;  H  8.87,  9.03;  N  6.24,  6.23.  CuHi^N.  Calculated  C  77.42;  H  8.76;  N  6.45. 

3- Methyl-3 -acetoxyquinuclidine.  A  suspension  of  1.5  g  of  3-methyl-3-hydroxyquinuclidine  in  16  ml 

of  anhydrous  chloroform  was  treated  with  2  mi  of  freshly  distilled  acetyl  chloride.  Here  heat  was  evolved  and 
the  precipitate  went  into  solution.  The  reaction  mass  was  allowed  to  stand  at  room  temperature  until  the  next 
day,  after  which  it  was  heated  at  the  boil  for  2  hours,  and  then  the  chloroform  was  vacuum -distilled.  The  residue 
was  dissolved  in  10  ml  of  water,  then  10  ml  of  50%  potassium  carbonate  solution  was  added,  and  the  alkaline 
solution  was  extracted  with  ether.  The  ether  extract  was  dried  over  potassium  carbonate,  the  ether  evaporated, 
and  the  residue  was  distilled.  We  obtained  1.5  g  (79%)  of  3-methyl-3-acetoxyquinuclidine  as  a  colorless  mobile 
liquid,  readily  soluble  in  water  and  in  organic  solvents.  B.p.  65-66*  (0.4  mm). 

The  hydrochloride  was  obtained  as  colorless  crystals,  m.p.  193-195*  (from  a  mixture  of  acetone  and  alcohol). 

Found  %:  C  54.75;  H  8.38;  N  6.38;  Cl  16.17.  CioHnO^N  •  HCl.  Calculated  %:  C  54.67;  H  8.20,  N  6.38; 

Cl  16.17. 

3-Methyl-3-propionyloxyquinuclidlne  (lib).  A  solution  of  1  g  of  3-methyl-3-hydroxyquinuclidine  in  10  ml 
of  anhydrous  chloroform  was  treated  with  1.2  ml  of  freshly  distilled  propionyl  chloride.  The  reaction  was  run  in 
the  same  manner  as  described  in  the  previous  experiment.  We  obtained  1.15  g  (82.2%)  of  the  ester  as  a  colorless 
mobile  liquid,  readily  soluble  in  water  and  in  organic  solvents.  B.p.  76-76*  (0.3  mm). 

The  hydrochloride  was  obtained  as  colorless  crystals.  M.p.  176-178*  (from  acetone). 

Found  %:  C  57.17;  H  8.61;  N  5.63;  Cl  15.21.  CuHiAN  •  HCl.  Calculated  %;  C  56.63;  H  8.56;  N  6.00, 

Cl  15.20. 

3-Ethyl-3-propionyloxyquinuclidine  (lie).  The  reaction  mass,  composed  of  1  g  of  3-ethyl-3-hydroxyqulnu- 
clidine,  1.5  ml  of  propionyl  chloride  and  10  ml  of  anhydrous  chloroform,  was  treated  the  same  as  described  above. 
We  obtained  1.08  g  (79.5%)  of  the  ester  as  a  colorless  mobile  liquid,  readily  soluble  in  water  and  in  organic  sol¬ 
vents.  B.p.  86-87"  (0.45  mm). 

The  hydrochloride  was  obtained  as  colorless  crystals,  m.p.  201-203*  (from  a  mixture  of  acetone  and  alcohol). 

Found  %:  N  5.75,  5.31;  Cl  14.24,  14.28.  CuHjiOjN  •  HCl.  Calculated  %:  N  5.66;  Cl  14.35. 

3-Phenyl-3-acetoxyquinuclidine  (Ild).  A  mixture  of  1  g  of  3-phenyl-3-hydroxyquinuclidine,  1  ml  of 
acetyl  chloride  and  5  ml  of  chloroform  was  kept  at  room  temperature  for  48  hours,  after  which  it  was  heated  at 
the  boil  for  2  hours.  The  reaction  mass  was  then  cooled,  and  the  precipitate  was  filtered,  washed  on  the  filter 
with  chloroform  and  with  ether,  and  recrystallized  from  anhydrous  alcohol.  We  obtained  1.38  g  (85.7%)  of  3- 
phenyl-3-acetoxyquinuclidine  hydrochloride,  containing  a  molecule  of  crystallization  alcohol.  Colorless  cry¬ 
stals,  readily  soluble  in  water  and  in  alcohol.  M.p.  192-193*. 

Found  %:  C  61.85;  H  7.76;  N  4.23;  Cl  10.81.  CigHigO^N  •  HCl  •  CjHgOH.  Calculated  %:  C  62.29;  H  7.95; 

N  4.27;  Cl  10.84. 
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3 -Phenyl-3 -propionyloxyqulnuclldlne  (He).  A  suspension  of  2  g  of  3-phenyl-3-hydroxyqulnuclidine  in 
20  ml  of  anhydrous  chloroform  was  treated  with  3  ml  of  propionyl  chloride.  The  mixture  was  kept  at  room  tem¬ 
perature  for  24  hours,  after  which  it  was  heated  for  4  hours  at  the  boil,  then  cooled,  and  the  unreacted  3-phenyl- 
3-hydroxyqulnuclidlne  was  separated.  The  chloroform  solution  was  evaporated  in  vacuo,  and  the  remainder  of 
the  treatment  was  the  same  as  described  for  the  preparation  of  3-methyl-3-acetoxyquinuclidine.  The  yield  of 
3-phenyl-3-proplonyloxyqulnuclldlne  was  1.83  g  (74.7%),  b.p.  148*  (0.26  mm).  Colorless  viscous  liquid,  readily 
soluble  in  organic  solvents,  and  less  readily  soluble  in  water. 

Found  %:  C  74.69,  74.46;  H  8.00,  8.30;  N  6.49.  CuHjid^N.  Calculated  %:  C  74.13;  H  8.10i  N  6.41. 

The  hydrochloride  was  obtained  as  colorless  crystals,  m.p.  176-178*. 

SUMMARY 

Starting  with  3-quinuclidone,  we  prepared  a  number  of  3-hydroxy-3-alkyl(aryl)quinuclidines  and  their 
esters.  It  was  shown  that  3-hydroxy-3-alkyl(aryI)quinuclidines,  when  reacted  with  different  reagents  like  acid 
chlorides,  sulfuric  acid  and  thionyl  chloride,  are  easily  transformed  into  3-alkyl(aryl)-l-azablcyclo  [2,2,2]  oct- 
2-enes.  The  latter  on  reduction  yield  3-alkyl(aryl)-l-azabicyclo  [2.2.2]  oct-2-enes.  The  latter  on  reduction 
yield  3-alkyl(aryl)quinuclidines. 

LITERATURE  CITED 

[1]  M.  V.  Rubtsov,  E.  S.  Nikitskaya,  E.  E.  Mikhlina,  A.  D.  Yanina  and  V.  Ya.  Furshtatova,  J.  Gen.  Chem. 
23,  1666  (1963).  • 

[2]  M.  V.  Rubtsov,  E.  S.  Nikitskaya  and  V.  S.  Usovskaya,  J.  Gen.  Chem.  26,  130  (1966).* 

[3]  L.  Sternbach  and  S.  Kaiser,  J.  Am.  Chem.  Soc.  74,  2219  (1962). 

[4]  C.  Grob,  A.  Kaiser  and  E.  Renk,  Helv.  Chim.  Acta,  40,  2170  (1967). 

[5]  L.  Sternbach  and  S.  Kaiser,  J.  Am.  Chem.  Soc.  76,  6068  (1963). 

[6]  V.  Prelog,  Lieb.  Ann.  646,  229(1940). 


Received  May  16, 1968 


*  Original  Russian  pagination.  See  C.  B.  Translation. 


2306 


AMINO  ACIDS  OF  THE  QUINUCLIDINE  SERIES 

L.  N.  Yakhontov  and  M.  V.  Rubtsov 

The  S.  Ordzhonikidze  All-Union  Chemical  Pharmaceutical 
Scientific  Research  Institute 


Biological  studies  of  some  analogs  of  natural  heterocyclic  amino  acids  (histidine,  trypotophan,  etc.)  have 
revealed  that  changing  the  structure  of  the  amino  acid.  Including  replacement  of  one  heterocyclic  moiety  by 
another,  leads  In  a  number  of  cases  to  antagonists,  or  antimetabolites,  for  vltagenic  amino  acids  [1].  In  connec¬ 
tion  with  this  it  seemed  of  Interest  to  study  the  biological  activity  of  those  amino  acids  in  which  the  heterocyclic 
moiety  is  the  bicyclic  qulnuclldine  system.  Data  on  either  the  preparation  or  biological  activity  of  amino  acids 
of  the  qulnuclldine  series  are  absent  in  the  literature. 

In  this  paper  we  discuss  the  synthesis  of  three  amino  acids  that  are  qulnuclldine  derivatives:  a-amino- 
methyl-0 -(2-quinuclidinyl)propionic  acid  (III),  0 -(2-quinuclidinyl)-0 -amlnopropionic  acid  (VII)  and  3-amino- 
2-quinucIidlnecarboxylic  acid  (XII).  We  used  2-formyIquinuclldine  (I)  [2]  as  the  starting  material  for  the  synthesis 
of  a-aminomethyl-0-(2-quinuclldinyl)propionic  acid  (III). 


CN 

COOCjHj 


(ti  - 

kT>CH:=C-C00C,H5 
N  *  ’ 

(ID 


CHjNHj 

GHj-CH-COOC^Hj 


CHj-CH-COOH 


The  Knoevnagel  condensation  of  aldehyde  (I)  with  cyanoacetic  ester  led  to  obtaining  the  ethyl  ester  of 
0 -(2-quinuclidinyl)-a-cyanoacrylic  acid  (II)  in  nearly  quantitative  yield.  Simultaneous  reduction  of  the  double 
bond  and  cyano  group  in  compound  (II)  was  effected  by  hydrogenation  in  the  presence  of  platinum  catalyst  (Adams 
method).  Without  being  isolated,  the  obtained  ethyl  a-aminomethyl-0 -(2-quinuclidinyl)propionate  was  saponi¬ 
fied  to  ot-aminomethyl-0 -(2-quinuclldinyl)propionlc  acid  (III ).  We  synthesized  0 -(2-quinuclidlnyl)-0-amino- 
propionic  acid  (VII)  by  starting  with  the  ethyl  ester  of  2-quinuclidinecarboxylic  acid  (IV). 


C=CH-C00CzH5 

ONa 


C-CH,-  COONa 

II  ^ 
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C-CH,-C00H 
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NOH 


CH-CH,-C00H 
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As  we  had  already  reported  earlier  [3],  the  Claisen  condensation  of  ethyl  2-quinuclidinecarboxylate  with 
ethyl  acetate  yields  the  readily  isolated  sodium  derivative  of  the  enol  form  of  the  ethyl  ester  (of  0 -(2-quinucli- 
dinyl)-0-ketopropionic  acid  (V).  Compound  (V)  is  difficultly  soluble  in  water,  but  if  allowed  to  stand  with  water 
for  a  day  at  room  temperature  it  gradually  goes  into  solution.  Here  the  ester  group  is  saponified  with  formation 
of  the  sodium  salt  and  transformation  of  the  enol  group  to  the  keto  group.  The  end  result  is  a  water  solution  of 
the  sodium  salt  of  0 -(2-quinuclidinyl)-0 -ketopropionic  acid.  The  oxime  (VI)  of  this  keto  acid  was  obtained  by 
reacting  equimolar  amounts  of  the  sodium  salt  and  hydroxylamine  hydrochloride  in  anhydrous  alcohol  medium. 
Reduction  of  oxime  (VI)  with  platinum  catalyst  (Adams  method)  led  to  its  conversion  to  0 -(2-quinuclidinyl)-0 - 
amlnopropionic  acid  (VII). 
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In  contrast  to  both  of  the  above  described  amino  acids,  where  both  the  carboxyl  and  amino  groups  are 
found  In  the  side  chain,  in  the  case  of  3-amlno-2-qulnuclidlnecarboxyllc  acid  (XII)  both  the  amino  group  and 
the  carboxyl  are  present  as  substituents  In  the  quinuclldlne  nucleus.  Amino  acid  (XII)  was  synthesized  by  the 
following  scheme: 

COOCjHs 

■  0  - 
CHjCOOCjHs 
(VIII) 

Cyclizatlon  of  the  ethyl  ester  of  1 -carbethoxymethyllsonlpecotlc  acid  (VIII)  by  the  Dieckmann  method 
was  effected  under  condltloiu  similar  to  those  described  for  the  synthesis  of  3-quinuclldone  [4].  The  cyclizatlon 
product,  being  the  potassium  derivative  of  the  enol  form  of  the  ethyl  ester  of  3-keto-2-quinuclldinecarboxyllc 
acid,  was  treated  with  the  calculated  (based  on  the  potassium  metal  taken  for  the  cyclizatlon)  amount  of  10*% 
acetic  acid,  and  then  with  an  equivalent  amount  of  solid  potassium  carbonate.  After  further  salting  out  with 
sodium  chloride,  the  ethyl  ester  of  3-keto-2-qulnuclldlnecarboxyllc  acid  was  extracted  with  chloroform.  It 
should  be  mentioned  that  if  Instead  of  10%  acetic  acid,  mineral  acids  are  used  to  acidify  the  solution,  and  also 
If  an  excess  of  either  acetic  acid  or  potassium  carbonate  Is  used,  then  the  yield  of  keto  ester  (IX)  is  reduced  sub¬ 
stantially.  The  reaction  of  keto  ester  (IX)  with  hydroxylamine  hydrochloride  was  run  In  boiling  alcohol.  Here 
the  alkaline  reagent,  tying  up  the  hydrogen  chloride,  is  the  ethyl  3-keto-2-qulnuclidinecarboxylate  itself.  The 
reaction  of  equimolar  amounts  of  keto  ester  (IX)  and  hydroxylamine  hydrochloride  gave  the  monohydrochloride 
of  the  oxime  of  the  ethyl  ester  of  3-keto-2-qulnuclldinecarboxyllc  acid  (X)  in  80%  yield.  Reduction  of  oxime 
(X)  with  platinum  catalyst  (Adams  method),  followed  by  saponification  of  the  ester  group,  gave  3-amlno-2- 
quinuclldlnecarboxyllc  acid  in  excellent  yield. 

It  should  be  mentioned  that  the  three  amino  acids  synthesized  by  us  each  have  two  asymmetric  carbon 
atoms,  and  consequently  it  could  be  expected  that  the  cliastereoisomeric  amino  acids  would  be  obtained.  How¬ 
ever,  in  all  cases,  we  obtained  only  one  dlastereoisomer  in  high  yield.  This  is  apparently  due  to  the  stereo¬ 
specificity  of  the  hydrogenation  in  the  presence  of  platinum  catalyst. 

EXPERIMENTA  L 

Ethyl  Ester  of  6 -(2-Ouinuclidlnyl)-a-cyanoar:rylic  Acid.  A  solution  of  1.1  g  of  freshly  prepared  2-formyl- 
quinuclidine  and  0.9  g  of  cyanoacetic  ester  in  3  ml  of  anhydrous  pyridine  was  treated  with  5  drops  of  piperidine. 
The  reaction  mass  was  allowed  to  stand  at  room  temperature  for  10  days.  The  obtained  crystalline  precipitate 
was  filtered  and  washed  with  alcohol.  We  obtained  0.1  g  of  ethyl  8 -(2-quinuclldinyl)-a-cyanoacrylate  with 
m.p.  139.5-141*.  The  pyridine  was  vacuum-distilled,  and  the  residue  was  washed  with  alcohol.  We  obtained 
another  1.7  g  of  ethyl  6 -(2-quinuclldinyl)-a-cyanoacrylate  with  m.p.  139.6-141*.  The  total  yield  was  1.8  g 
(97.2%).  Colorless  crystals,  very  difficultly  soluble  in  water  and  the  common  organic  solvents,  readily  soluble 
in  mineral  acids,  and  less  readily  soluble  in  pyridine.  The  compound  gives  a  positive  test  with  potassium  per¬ 
manganate  for  the  double  bond. 

Found  %:  C  66.48,  66.38;  H  7.59,  7.70;  N  11.96,  11.97.  Ci,Hi,OiN,.  Calculated  %:  C  66.67;  H  7.69; 

N  11.95. 

The  picrate  was  obtained  as  yellow  crystals,  m.p.  130.5-131*  (from  alcohol). 

Found  %:  C  49.10,  49.28;  H  4.49,  4.80;  N  15.38.  Ci,Hi,O^N|  •  C^HjOyNj.  Calculated  %:  C  49.24;  H  4.54; 
N  15.12. 

a-Amlnoethyl-6  -(2-quinucltdinyl)propionic  Acid.  A  solution  of  0.1  g  of  ethyl  8 -(2-quInuclidinyl)-a- 
cyanoacrylate  in  12  ml  of  a  6%  solution  of  hydrogen  chloride  in  anhydrous  alcohol  was  hydrogenated  in  the  pre¬ 
sence  of  0.1  g  of  platinum  catalyst,  prepared  by  the  Adams  method.  The  hydrogenation  was  run  at  room  tem¬ 
perature  and  a  pressure  of  15-20  cm  of  water  column.  When  the  absorption  of  hydrogen  had  ceased,  the  catalyst 
was  filtered,  and  the  filtrate  was  evaporated  in  vacuo.  The  residue  was  dissolved  in  1  ml  of  concentrated  hydro- 
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chloric  acid,  and  refluxed  for  5  hours.  The  hydrochloric  acid  was  distilled  off,  while  the  residue  was  dissolved 
in  alcohol,  and  the  solution  then  treated  with  an  alcohol  solution  of  picric  acid  to  precipitate  the  dipicrate  of 
a-aminomethyl-6-(2-qulnuclidinyl)propionic  acid  as  yellow  crystals  with  m.p.  125*  (  decomp.  ).  Yield  0.17  g 
(62%). 

Found  %;  C  41.08:  H  4.01;  N  17.01.  CiiHjoOiN,  •  2C6H5O7N3,  Calculated*^;  C  41.20;  H  3.88;  N  16.71. 

Oxime  of  0 -(2-Ouinuclidlnyl)-6 -ketopropionic  Acid.  A  mixture  of  1.25  g  of  the  sodium  derivative  of  the 
enol  form  of  ethyl  0  -(2-quinuclldinyl)-0  -ketopropionate  and  20  ml  of  water  was  allowed  to  stand  at  room  tem¬ 
perature  for  a  day.  The  precipitate  gradually  went  into  solution.  The  resulting  homogeneous  solution  was  evap¬ 
orated  in  vacuo.  We  obtained  1.15  g  of  the  sodium  salt  of  0 -(2-quinuclidinyl)-0-ketopropionic  acid.  M.p. 

240*  (decomp,  ).  The  obtained  sodium  salt  was  treated  with  0.4  g  of  hydroxylamine  hydrochloride  and  10  ml  of 
anhydrous  alcohol.  The  reaction  mass  was  stirred  for  12  hours  at  18-20*.  The  precipitate  of  sodium  chloride 
was  filtered.  The  alcohol  solution  was  evaporated  in  vacuo.  We  obtained  1  g(93%)  of  the  oxime  of  0-(2-quinu- 
clidinyl)-0 -ketopropionic  acid  as  an  oily  substance,  insoluble  in  ether  and  benzene,  and  soluble  in  water,  alcohol 
and  chloroform. 

The  dihydrochloride  was  obtained  as  colorless  crystals,  m.p.  284*  (decomp.  ).  The  compound  is  soluble  in 
water,  and  insoluble  in  the  common  organic  solvents. 

Found  %:  C  42.32,  42.41;  H  6.40,  6.54;  Cl*  24.94.  CjoHieOaNj  *  2HC1.  Calculated  %:  C  42.11;  H  6.32; 

Cr  24.91. 

The  picrate  was  obtained  as  yellow  crystals,  m.p.  167-170*. 

Found  %:  C  43.29;  H  4.23;  N  15.72.  CioHijOaN,  •  CbHjOtNj.  Calculated  %:  C  43.53;  H  4.30;  N  15.87. 

0  -(2-Ouinuclidinyl)-0  -aminopropionic  Acid.  A  solution  of  0.9  g  of  the  oxime  of  0  -(2-quinuclidinyl)-0  - 
ketopropionic  acid  in  30  ml  of  anhydrous  alcohol  was  hydrogenated  in  the  presence  of  0.4  g  of  platinum  catalyst, 
prepared  by  the  Adams  method.  The  hydrogenation  was  run  at  room  temperature  and  a  pressure  of  20-30  cm  of 
water  column,  and  was  ended  in  4  hours.  The  catalyst  was  filtered,  and  the  filtrate  was  treated  with  an  alcohol 
solution  of  hydrogen  chloride  until  it  showed  acid  to  Congo.  The  obtained  crystalline  precipitate  of  the  dihydro¬ 
chloride  of  0 -(2-quinuclidinyl)-0 -aminopropionic  acid  was  filtered,  and  then  washed  with  anhydrous  alcohol 
and  ether.  The  yield  of  0 -(2-quinuclidinyl)-0 -aminopropionic  acid  dihydrochloride  was  0.8  g(78%).  Colorless 
crystals  with  m.p.  283"  (decompn.).  The  compound  is  readily  soluble  in  water  and  in  methanol,  and  is  difficultly 
soluble  in  the  other  common  organic  solvents. 

Found  %:  C  44.50,  44.20;  H  7.24,  7.52;  Cl’ 26.03.  CioHigOiN*  •  2HC1.  Calculated  %;  C  44.28;  H  7.38; 
cr  26.19. 

Ethyl  Ester  of  3-Keto-2-quinuclidinecarboxylic  Acid.  A  solution  of  60  g  of  ethyl  1-carbethoxymethylisoni- 
pecotate  in  150  ml  of  anhydrous  toluene  was  added  gradually,  in  1  hour,  at  120"  (oil  bath),  to  the  potassium 
ethylate,  obtained  from  24  g  of  potassiuui  and  36  ml  of  anhydrous  alcohol  in  100  ml  of  anhydrous  toluene.  The 
reaction  mass  was  heated  under  reflux,  with  stirring,  for  5  hours.  After  cooling,  the  toluene  was  decanted,  while 
the  viscous  deposit  of  the  potassium  derivative  of  the  enol  form  of  ethyl  3-keto-2-quinuclidinecarboxylate  was 
washed  3  times  with  50  ml  portions  of  anhydrous  ether,  and  then  treated  with  370  ml  of  10%  acetic  acid.  The 
acetic  acid  solution  was  neutralized  with  85.1  g  of  potassium  carbonate.  After  additional  salting  out  with  sodium 
chloride,  the  ethyl  3-keto-2-quinuclidinecarboxylate  was  extracted  with  chloroform.  The  chloroform  solution 
was  dried  over  fused  potassium  carbonate,  and  the  solvent  was  vacuum-distilled.  The  crystalline  residue  was 
washed  with  anhydrous  acetone  (3  times  with  10  ml  portions),  and  then  recrystallized  from  anhydrous  acetone. 

We  obtained  36.42  g  (75%)  of  ethyl  3-keto-2-quinuclidinecarboxylate.  Colorless  crystals,  m.p.  109-110*.  The 
compound  is  readily  soluble  in  water,  alcohols,  and  chloroform,  difficultly  soluble  in  ether,  benzene,  acetone 
and  toluene,  and  insoluble  in  petroleum  ether. 

Found  %:  C  60.60,  61.02;  H  7.70,  7.50;  N  7.31,  7.22.  CioHigOjN.  Calculated  %;  C  60.91;  H  7.61;  N  7.10. 

Hydrochloride  of  the  Oxime  of  the  Ethyl  Ester  of  3-Keto-2-quinuclidinecarboxyllc  Acid.  A  mixture  of  2  g 
of  ethyl  3-keto-2-quinuclidinecarboxylate  and  0.7  g  of  hydroxylamine  hydrochloride  in  20  ml  of  anhydrous  alco¬ 
hol  was  heated  under  reflux  for  4  hours.  During  reflux,  the  precipitate  of  hydroxylamine  hydrochloride  gradually 
dissolved.  After  some  time,  the  hydrochloride  of  the  oxime  of  ethyl  3-keto-2-quinuclidinecarboxylate  beganto 
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crystallize  from  the  boiling  alcohol.  The  crystalline  precipitate  was  filtered.  We  obtained  1.8  g  of  colorless 
crystals,  m.p.  196*  (decomp.  ).  The  alcohol  solution  was  evaporated  to  a  volume  of  5  ml.  The  resulting  crystal¬ 
line  precipitate  was  filtered.  We  obtained  another  0.36  g  of  substance  with  m.p.  196*  (decomp.  ).  The  total 
yield  of  the  hydrochloride  of  the  oxime  of  ethyl  3-keto-2-quinuclidinecarboxylate  was  2.16  g  (80%).  Colorless 
crystals,  readily  soluble  in  water,  difficultly  soluble  in  alcohols  and  in  acetone,  and  Insoluble  in  ether,  chloro¬ 
form,  benzene  and  toluene. 

Found  %;  C  48.26,  48.41;  H  6.90,  6.87;  N  11.11,  11.04;  Cl*  14.62,  14.63.  CioHi,0|N|  •  HCl.  Calculated  %: 
C  48.29;  H  6.84;  N  11.26;  Cl*  14.29. 

Ethyl  Ester  of  3-Amino-2-quinuclidinecarboxylic  Acid.  A  solution  of  1.5  g  of  ethyl  3-keto-2-quinuclidine- 
carboxylate  oxime  hydrochloride  in  30  ml  of  anhydrous  alcohol  was  treated  with  2  ml  of  a  30%  alcohol  solution 
of  hydrogen  chloride,  and  then  hydrogenated  in  the  presence  of  0.1  g  of  platinum  catalyst,  prepared  by  the  Adams 
method.  The  hydrogenation  was  run  at  room  temperature  and  a  pressure  of  20-30  cm  of  water  column,  and  was 
ended  in  6  hours.  The  catalyst  was  filtered,  and  the  filtrate  was  evaporated  in  vacuo.  We  obtained  1.65  g  (99.4%) 
of  ethyl  3-amino-2-quinuclidinecarboxylate  dihydrochloride  as  colorless  crystals.  The  compound  is  readily  solu¬ 
ble  in  water  and  in  alcohol,  and  is  insoluble  in  the  other  common  organic  solvents.  M.p.  185*  (decomp.  ). 

Found  %:  C  44.16,  44.02;  H  7.33,  7.26;  N  10.11,  10.42;  Cl*  26.34.  CioHiAN,  •  HCl.  Calculated  %: 

C  44.28;  H  7.38;  N  10.33;  Cl*  26.19. 

3-Amino-2-quinuclldinecarboxylic  Acid.  A  mixture  of  1.1  g  of  ethyl  3-amlno-2-quinuclldinecarboxylate 
dihydrochloride  and  10  ml  of  coned.  HCl  was  heated  on  the  boiling  water  bath  for  6  hours.  The  obtained  solution 
was  evaporated  in  a  porcelain  dish  to  dryness,  and  the  residue  was  recrystallized  from  anhydrous  alcohol.  We 
obtained  0.9  g  (91%)  of  the  dihydrochloride  of  3-amino-2-quinuclldinecarboxylic  acid.  Colorless  crystals,  m.p. 
242*  (decomp.  ).  The  compound  is  readily  soluble  in  water,  and  is  insoluble  in  the  common  organic  solvents. 

Found  %:  C  39.25,  39.32;  H  6.64  ,  6.59;  N  11.06,  11.40;  Cl*  29.15,  29.32.  CgHuO^l^  •  2HC1.  Calculated 
%:  C  39.60;  H  6.68;  N  11.62;  Cl  29.22. 


SUMMARY 

The  following  amino  acids  of  the  quinuclidine  series  were  synthesized:  a-aminomethyl-6 -<2-quinucli- 
dinyl)propionic  acid,  8 -(2-quinuclidinyl)-6 -aminopropionic  acid,  and  3-amino-2-quinuclidinecarboxylic  acid. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  ETHYLENIC  a-GLYCOLS 

VII.  TRANSFORMATION  OF  1 ,2,4-TRIPHENYL-3-BUTENE-l ,2-DIOL 
AND  2.3-DIMETHYL-5-PHENYL-4-PENTENE-2,3-DIOL 

L.  F.  Chelpanova  and  V.  A.  Kormer 
Lensovet  Technological  Institute  (Leningrad) 


From  recently  published  papers  [1-3]  it  can  be  seen  that  ethylenic  a-glycols,  in  acid  medium,  besides 
forming  aldehydes  and  ketones,  are  also  capable  of  isomerizing  to  substituted  dihydrofurans.  A  conclusive  deci¬ 
sion  as  to  the  mechanism  of  this  tranformation  is  still  not  possible  from  the  available  experimental  material. 

For  this  reason  we  decided  to  run  some  experiments  on  the  isomerization  of  still  two  other  glycols:  1,2,4-trl- 
phenyl-3-butene-l ,2-diol  (I)  and  2,3-dimethyl-5-phenyl-4-pentene-2,3-diol  (II),  in  2(fh  alcoholic  and  30% 
aqueous  solutions  of  sulfuric  acid,  at  temperatures  ranging  from  60  to  100*. 

The  heating  of  l,2,4-triphenyl-3-butene-l ,2-diol  with  20%  alcoholic  H2SQ4  solution  at  60-70*  gave  a 
light-yellow  oily  substance,  which  from  the  properties  and  analysis  data  corresponded  to  an  aldehyde  of  the 
ethylenic  series.  Oxidation  of  this  aldehyde  gave  benzoic  and  diphenylacetic  acids,  which  permitted  assuming 
that  it  was  2,2,4-triphenyl-3-butanal  (III). 

The  ultraviolet  absorption  spectrum  of  2,2,4-triphenyl-3-butenal  (III)  (Fig.  1)  shows  two  absorption  bands 
at  \  2500  A  (log  c  3.3)  and  \  3100  A  (log  €  2.4),  characteristic  for  the  styryl  and  carbonyl  group,  respectively 
[1.3]. 

When  the  same  glycol  was  heated  with  30%  aqueous  HtS04  solution,  we  again  isolated  2,2 ,4 -triphenyl -3- 
butenal  (III)  (50%)  and,  in  addition,  a  crystalline  product  (15%)  with  the  empirical  formula  C22HigO,  to  which 
we  assigned  the  formula  2,3,5-triphenyl-2,5-dihydrofuran  (V).  The  ultraviolet  absorption  spectrum  of  2,3,4-tri- 
phenyl-2,5- dihydrofuran  (V)  (Fig.  1)  shows  only  one  absorption  maximum  at  X  2500  A  (log  e  3.2),  caused  by 
conjugation  of  the  phenyl  group  with  the  double  bond.  It  was  shown  by  E.  D.  Venus-Danilova  and  A.  Fabritsy 
[4]  that  the  absorption  curve  for  5,5-dimethyl-2,4-diphenyl-2-hydroxy-2,5-dihydrofuran  is  also  characterized  by 
having  only  one  maximum  at  X  2520  A. 

In  the  table  we  give  the  infrared-absorption  values  for  compound  (V),  which  characterize  this  compound 
as  being  a  2,5-dihydrofuran.  The  absorption  band  with  a  wave  number  of  1080  cm"^  is  a  characteristic  frequency 
for  the  valence  vibration  of  C-O  in  C-O-C  [5,  6].  Furan,  and  compounds  related  to  it,  absorb  in  the  interval 
1100-1075  cm-^  [6]. 

2,3-Dimethyl-5-phenyl-4-pentene-2,3-diol  (II),  new  in  the  literature,  was  synthesized  by  the  hydrogena*- 
tion  of  the  corresponding  acetylenic  glycol  [7]  in  the  presence  of  colloidal  palladium.  Here  two  geometric  (cis, 
trans)  isomers  of  this  ethylenic  glycol  were  Isolated. 

It  is  indicated  in  the  literature  [14]  that  an  analysis  of  the  infrared  and  ultraviolet  absorption  spectra  could 
be  of  assistance  in  deciding  as  to  the  geometric  configuration  of  a  compound.  The  empirical  rule  is  known  that 
that  the  trans-isomer  absorbs  more  intensely  in  the  ultraviolet  than  does  the  cis-isomer.  The  absorption  curves 
for  the  cis-  and  trans-isomers  of  2,3-dimethyl-5-phenyl-4-penetene-2,3-diol  (II)  are  shown  in  Fig.  2,  while  in 
the  table  we  have  given  their  infrared  spectra,  where  the  frequency  950  cm“l  corresponds  to  the  trans-position  of 
-CH  =CH—  in  the  glycol  group.  Both  isomers  of  the  ethylenic  and  of  the  original  acetylenic  glycol  gave  the 
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Fig.  1.  Ultraviolet  spectra.  1)  2,2,4- 
triphenyl-3-butenal  (III),  2)  2,3,5-tri- 
phenyl-2,5-dihydrofuran  (V). 


The  treatment  of  2,3-dimethyl-5-phenyl-4-pentene- 
2,3-dlol  (II)  with  20  alcoholic  HsSQi  solution  at  50*,  and  with 
30%  aqueous  H2SO4  solution  at  90-100*,  gave  but  a  single 
substance  with  the  empirical  formula  C|3Hi(0,  to  which,  on 
the  basis  of  its  properties,  we  believe  it  possible  to  assign  the 
structure  of  4,5,5-trimethyl-2-phenyl-2,6-dihydrofuran  (VI). 

To  support  the  proposed  structure,  we  took  both  its  ultra¬ 
violet  and  infrared  absorption  spectra. 

The  ultraviolet  absorption  spectrum  of  4,5,6-trlmethyl- 
2-phenyl-2,5-dihydrofuran  is  shown  in  Fig.  2  (curve  3),  where 
it  is  compared  with  the  absorption  spectrum  of  the  original 
glycol.  In  the  investigated  region  of  2000-4000  A,  the  absorp¬ 
tion  curve  for  dihydrofuran  (VI)  (curve  3)  has  neither  maxima 
nor  minima,  whereas  the  absorption  curve  for  the  original  gly¬ 
col  has  one  intense  absorption  band  at  \  2500  A  (log  e  3.88). 

If,  as  mentioned  above,  it  is  assumed  that  in  our  case  the  ap¬ 
pearance  of  an  absorption  band  at  X  2500  A  is  due  to  the  pres¬ 
ence  of  the  styryl  group  in  the  molecule,  then  it  is  possible 
to  conclude  that  conjugation  of  the  double  bond  with  the 
benzene  ring  is  absent  in  the  investigated  isomerization  product 
of  2, 3-dimethyl -5-phenyl -4-pentene-2,3-dlol. 


The  ultraviolet  absorption  spectrum  is  given  in  the  table, 
and  does  not  require  a  detailed  interpretation.  In  the  main,  it  is  comparable  to  the  absorption  spectrum  of 
2 ,4 ,5 -triphenyl-2 ,5-dihydrofuran. 


Scheme  1  shows  the  transformation  of  l,2,4-triphenyl-3-butene-l,2-dlol  (I)  and  of  2,3-dimethyl-5-phenyl 
4-pentene-2,3-dlol  (II). 
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Aldehyde  (III)  Is  formed  as  the  result  of  the  pinacolln  re¬ 
arrangement  of  glycol  (I),  while  the  substituted  2,5-dlhydrofurans 
(V)  and  (VI),  the  same  as  In  the  case  of  2-methyl-3,6-diphenyl-4- 
pentene-2,3-diol  [3],  are  formed  via  the  allylic  rearrangement  of  the  starting  glycols,  with  the  intermediate  for¬ 
mation  of  the  ethylenic  y -glycol  RjRiCOH  —  C(R3)  =  CH  —  CHOH  —  CjHjflV),  the  subsequent  dehydration  of  which 
leads  to  closure  of  the  dihydrofuran  ring. 

It  should  be  mentioned  that  the  ethylenic  oc-glycols  (IX)  can  also  isomerize  to  the  substituted  dihydrofuran 
by  a  different  route  (scheme  2),  which  is  all  the  more  probable,  since  we  were  unable  to  isolate  the  intermediate 
y  -glycol  (IV). 


Scheme  2 

H^-COH— CH  II3-CUH— CHz  H3— C=CH 

'  I  II  -^11  -^'11 

Hi— C  CH-CflHs  Hi— C  CH— (.flHr,  Hi— C  CH— C^Hj 

(IX)  (VII),  (VIII)  (V).  (VI) 

(V)4t(Vn)  K,  =  H;  U,  =  U,=  C,H,. 

(Vi)&  (VIII)  n,  =  It,  =  It,  =  ('1I3. 

In  this  case  cyclization  first  occurs  through  the  double  bond  and  the  hydroxyl,  standing  6  to  it,  with  the 
formation  of  B  -tetrahydrofuranol  (VII)  or  (VIII):  the  latter  on  dehydration  give  dlhydrofurans  (V)  or  (VI).  Such 
a  reaction  course  is  confirmed  to  some  degree  by  the  studies  of  T.  A.  Favorskaya  andco-workers[8-ll],  who 
established  that  the  formation  of  substituted  tetrahydrofurans  in  the  dehydration  of  certain  y -glycols  can  occur, 
not  by  the  liberation  of  water  with  involvement  of  the  two  hydroxyls  of  the  glycol,  but  via  the  formation  of  the 
unsaturated  B -ethylenic  alcohol,  which  then  isomerizes  to  the  tetrahydrofuran  under  the  dehydration  conditions 
prevailing  in  the  acid  medium. 


EXPERIMENT  A  L 

Transformation  of  1  ,2  ,4  -  T  r  iph  e  n  y  I  -  3  -  bu  t  e  ne  -  1  ,2  -  d  io  1  (I) 

Expt.  I.  Action  of  alcoholic  H2SO4  solution.  Into  a  flask,  fitted  with  mechanical  stirrer,  was  charged  20  g 
of  the  ethylenic  glycol  with  m.p.  122-123*  [12],  120  ml  of  96%  alcohol  and  10.6  ml  of  sulfuric  acid  (d  1.84),  and 
the  mixture  heated  on  the  water  bath  at  60-70*  for  4  hours.  Within  30  minutes  the  solution  had  assumed  a  yellow 
color.  At  the  end  of  heating,  the  solution  was  poured  into  200  ml  of  cold  water;  the  acid  solution  was  extracted 
with  ether.  The  ether  extract  was  washed  with  water,  then  with  sodium  carbonate  solution,  again  with  water, 
and  finally  it  was  dried  over  sodium  sulfate.  Removal  of  the  ether  by  distillation  left  a  dark-red  oily  liquid, 
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which  on  standing  deposited  3  g  of  crystals,  the  melting  point  of  which  was  the  same  as  that  of  the  original  gly 
col  (mixed  melting  point).  The  crystals  were  filtered,  while  the  liquid  was  vacuum-distilled.  The  yield  of 
product,  a  light -yellow  viscous  liquid,  was  80%,  based  on  starting  glycol.  The  substance  showed  the  absence  of 
hydroxyl  when  tested  with  Grignard  reagent,  the  presence  of  the  carbonyl  group  when  tested  with  2,4-dinltro- 
phenylhydrazine,  decolorized  both  aqueous  potassium  permanganate  solution  and  bromine  water,  and,  as  was 
shown  by  oxidation,  corresponded  to  2,3,4-triphenyl-3-butenal  (III),  new  in  the  literature. 

B.p.  210-212*  (1  mm),  d4*®  1.1320,  n*®D  1.6370,  MRq  94.16.  CjjHuOf.  Calculated  92.54. 

Found  %:  C  88.28;  H  6.00.  M  300.  C„Hi,0.  Calculated  %:  C  88.56;  H  6.04.  M  298. 

When  the  substance  with  b.p.  210-212*  (1  mm)  was  reacted  with  2,4-dinitrophenylhydrazine,  we  obtained 
the  2,4-dinitrophenylhydrazone  with  m.p.  76-78*. 

Found  %:  N  12.00,  11.70.  C„Ha04N4.  Calculated  %:  N  11.73. 

To  determine  its  structure,  4  g  of  the  substance  with  b.p.  210-212*  (1  mm)  was  oxidized  in  the  cold.  In 
the  course  of  3  days  we  added  100  ml  of  5%  KMn04  solution  in  drops,  and  on  the  fourth  day  we  added  another 
1  g  of  dry  KMn04  in  small  portions.  The  manganese  dioxide  was  filtered.  Neutral  products  were  not  found 
among  the  oxidation  products.  The  salts  of  the  acids  were  evaporated  partially.  Acidification  resulted  in  the 
deposition  of  colorless  crystals.  The  benzoic  acid  was  removed  by  sublimation,  and  had  m.p.  120-121*  (mixed 
melting  point). 

The  crystals  remaining  after  removal  of  the  benzoic  acid  were  subjected  to  steam  distillation.  The  third 
fraction  of  the  distillate  gave  an  acid  with  m.p.  143-145*  [13],  corresponding  to  diphenylacetic  acid.  The  mixed 
melting  point  with  an  authentic  specimen  of  diphenylacetic  acid  was  not  depressed.  The  silver  salt  was  prepared, 
and  its  analysis  for  silver  gave  a  satisfactory  result. 

Expt.  II.  Action  of  30%  aqueous  H2SO4  solution.  With  mechanical  stirring,  a  mixture  of  10  g  of  the  ethy- 
lenic  glycol  (m.p.  122-123*)  and  150  ml  of  30%  aqueous  sulfuric  acid  solution  was  heated  on  the  water  bath  at 
60-80*.  Within  15  minutes  after  the  start  of  heating  the  glycol  liquefied,  and  the  liquid  assumed  a  yellow-green 
color.  After  4  hours  the  solution  was  poured  into  250  ml  of  water,  and  then  extracted  with  ether.  The  ether 
extract  was  washed  with  water,  then  with  10%  sodium  carbonate  solution,  again  with  water,  and  finally  it  was 
dried  over  sodium  sulfate.  Removal  of  the  ether  by  distillation  left  a  mixture  of  oily  liquid  and  crystalline  sub¬ 
stance.  The  liquid  was  filtered  from  the  crystals,  and  then  vacuum-distilled.  The  distillation  gave  a  light- 
yellow  oily  substance. 

B.p.  212-213*  (1  mm),  d4*®  1.1324,  n*®D  1.6367,  MRq  94.16.  Calculated  92.54. 

Found  %:  C  88.16;  H  6.60.  M  304.  CjjHijO.  Calculated  %;  C  88.56;  H  6.04.  M  298. 

The  2,4-dinitrophenylhydrazone  had  m.p.  76-78*. 

Found  %:  N  12.40.  C,gHj,04N4.  Calculated  %:  N  11.73. 

Consequently,  the  liquid  substance  was  the  unsaturated  aldehyde,  obtained  and  characterized  in  the  pre¬ 
ceding  experiment. 

The  crystals,  separated  from  the  aldehyde,  were  recrystallized  twice  from  alcohol.  Very  rapidly,  there 
first  deposited  2  g  of  a  colorless  crystalline  substance  with  m.p.  121-122*,  which  failed  to  depress  the  melting 
point  when  mixed  with  the  starting  ethylenic  glycol. 

After  3  days  the  mother  liquor  deposited  2.5  g  of  colorless  crystals,  which,  after  recrystallization  from 
alcohol,  had  m.p.  78-79*.  A  second  recrystallization  gave  the  same  result.  The  substance  rapidly  turns  yellow 
in  the  air,  gives  a  sky  blue  color  with  cone,  sulfuric  acid,  and  decolorizes  both  bromine  water  and  aqueous 
potassium  permanganate  solution  with  difficulty.  The  reaction  for  hydroxyl  with  Grignard  reagent,  and  for  car¬ 
bonyl  group  with  2,4-dinitrophenylhydrazine,  were  negative.  From  the  analysis  data  and  its  properties,  the  sub¬ 
stance  can  be  assumed  to  be  2,3,5-triphenyl-2,5-dihydrofuran  (V),  not  described  in  the  literature. 

Found  %:  C  89.36;  H  5.94.  M  299.  CmHuO.  Calculated  %:  C  88.59;  H  6.00.  M  298. 
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Synthesis  of  2  ,3  -  P 1  met  h  y  1  -  6  -  phe  n  y  1  -  4  -  pe  n  t  e  ne  -  2 ,3  -  dlo  1  (II) 

2,3-Dlniethyl-5-phenyl-4-pentene-2,3-dlol  was  obtained  by  the  hydrogenation  of  trlmethyl(phenylethynyl) 
ethylene  glycol  [7]  In  the  presence  of  colloidal  palladium.  A  solution  of  22.4  g  of  the  acetylenic  glycol  (b.p. 
160-152*  at  5  mm)  In  100  ml  of  alcohol  was  hydrogenated  In  the  presence  of  3  mg  of  colloidal  palladium.  In 
30  minutes,  after  the  absorption  of  2700  ml  of  hydrogen  (18*,  755  mm),  the  hydrogenation  was  stopped,  the 
catalyst  was  filtered,  and  the  alcohol  was  removed  by  distillation.  The  residual  light-yellow  viscous  liquid  was 
vacuum-distilled,  and  here  two  substances  were  Isolated:  one  with  b.p.  137-138*  (3  mm),  and  the  second  with 
b.p.  141-143*  (3  mm). 

Based  on  the  analysis  data,  both  substanceshave  the  same  composition  and  molecular  weight.  Hydrogena¬ 
tion  of  these  substances  In  the  presence  of  platinum  black  gave  the  same  saturated  glycol  with  m.p.  68-70*.  On 
the  basis  of  these  data,  and  the  Infrared  and  ultraviolet  absorption  spectra  (see  table),  it  can  be  assumed  that  the 
substances  with  b.p.  137-138*  (3  mm)  and  141-143*  (3  mm)  are  geometric  isomers.  The  substance  with  b.p. 
137-138*  (3  mm)  corresponds  to  the  trans-isomer,  and  that  with  b.p.  141-143*  (3  mm),  to  the  cis-isomer. 


n*®D  1.5432,  d4*®  1.050,  MRp  61.80.  CijHuOiF.  Calculated  61.22. 

Found  C  75.48;  H  8.75;  OH  16.40.  M  202.  CijHigOi.  Calculated*^:  C  75.52;  H  8.73;  OH  16.50. 

M  206. 

The  hydrogenation  of  1.8  g  of  the  trans-isomer  in  15  ml  of  alcohol  in  the  presence  of  0.2  g  of  platinum 
black  until  saturation  required  18  minutes  and  resulted  in  the  absorption  of  230  ml  of  hydrogen  (18*,  760  mm). 
After  removal  of  the  catalyst  and  alcohol,  the  residual  viscous  liquid  crystallized;  3  recrystallizations  from 
petroleum  ether  gave  1.2  g  of  colorless  crystals  with  m.p.  68-70*,  being  the  previously  unknown  2,3-dimethyl- 
5-phenyl-2,3-pentanediol. 

Found  C  75.45;  H  9.65;  OH  16.34.  M  203.  CijHjoOg.  Calculated  %>:  C  75.00;  H  9.70;  OH  16.00. 

M  208. 

The  saturated  glycol,  described  for  the  first  time,  gives  a  pale  yellow  color  with  cone.  HjS04,  and  does 
not  decolorize  either  bromine  water  or  potassium  permanganate  solution. 

Investigation  of  the  cis  -Isomer  With  b.p.  141-153*  (3  mm): 

n*°D  1.5425,  1.055,  MRj)  61.5;  calc.  61.21. 

Found  7o:  C  75.50;  H  8.70;  OH  16.01.  M  200.  CuHigO^.  Calculated  C  75.52;  H  8.73;  OH  16.50. 

M  206. 

The  addition  of  2  atoms  of  hydrogen  resulted  in  the  isolation  of  crystals  with  m.p.  68-70*,  which  failed 
to  depress  the  melting  point  when  mixed  with  the  substance  obtained  in  the  hydrogenation  of  the  trans-isomer. 
The  cis-isomer  adds  hydrogen  twice  as  fast  as  the  trans-isomer.  The  amount  of  substance  taken  and  the  hydro¬ 
genation  conditions  for  the  cis-isomer  were  exactly  the  same  as  for  the  case  of  the  trans-isomer. 

Transformation  of  2 ,3  -  D  i  meth  y  1  -  5  -  ph  e  ny  1  -  4  -  pe  n  t  e  ne  -  2  ,3  -  dio  1  (II) 

Expt.  I.  Action  of  alcoholic  H2SO4  solution.  Into  a  flask,  fitted  with  mechanical  stirrer,  was  charged  8.5  g 
of  the  cis-isomer  of  the  ethylenic  glycol  (b.p.  141-143*  at  3  mm),  50  ml  of  967o  ethyl  alcohol  and  5.3  ml  of  sul¬ 
furic  acid  (d  1.84).  The  mixture  assumed  a  yellow  color  immediately.  After  heating  for  3  hours  at  50*,  the 
solution  was  poured  into  cold  water,  and  then  extracted  with  ether.  The  ether  was  distilled  off,  while  fractional 
distillation  of  the  residue  gave  6.4  g  (77*70)  of  a  nearly  colorless  mobile  liquid,  which  rapidly  turned  dark  in  the 
air,  showed  the  absence  of  both  hydroxyl  and  the  carbonyl  group,  and  decolorized  both  aqueous  potassium  per¬ 
manganate  solution  and  bromine  water.  Based  on  the  analysis  data,  the  obtained  substance  can  be  assumed  to 
be  4,5,5-trimethyI-2-phenyl-2,5-dihydrofuran  (VI). 

B.p.  108-110*  (5  mm),  n*®D  1.522,  d4*®  0.9740,  MRq  58.74.  CijHigOF.  Calculated  57.60. 

Found  C  83.55;  H  8.42.  M  186.9.  CisHigO.  Calculated  *7o:  C  83.00;  H  8.41.  M  188. 
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The  substance  Is  not  described  in  the  literature.  It  gives  a  blue  violet  fluorescence  with  cone.  iliS04. 

Expt.  II.  Action  of  30%  aqueous  H2SQ4  solution.  A  mixture  of  10  g  of  the  ethylenic  glycol  with  b.p. 
141-143*  (3  mm)  and  30%  aqueous  H1SQ4  solution  was  heated  in  a  flask,  with  mechanical  stirring,  at  90-100’ 
for  2.5  hours.  At  the  end  of  heating,  the  mixture  was  poured  into  water,  and  then  worked  up  as  indicated  in  the 
preceding  experiment.  Fractional  distillation  in  vacuo  gave  7.5  g  of  substance  with  b.p.  107-109*  (5  mm),  which 
in  its  physical  properties  was  identical  with  4,5,5-trImethyl-2-phenyl-2,5-dihydrofuran. 

Taking  of  the  Absorption  Spectra.  The  ultraviolet  absorption  spectra*  were  taken  with  a  SF-4  quartz 
photoelectrospectrophotometer,  while  a  GOI  hydrogen  lamp  served  as  the  light  source.  Alcohol  was  used  as  the 
solvent;  the  solutions  used  for  taking  the  spectra  ranged  in  concentration  from  0.01  to  0.0005  mole /ml. 

The  infrared-absorption  spectra  were  photographed  using  IKS-2  and  IKS-14  spectrophotometers,  NaCl prisms, 
and  LiCl  cuvettes,  while  the  layer  thickness  was  0.5  to  0.001  mm.  Compounds  (V)  and  (VI)  were  photographed 
in  CCI4  solution. 

SU  MMARY 

1.  It  was  shown  that  when  treated  with  20%  alcoholic  H2SO4  solution  of  l,2,4-triphenyl-3-butene-l,2- 
diol  is  converted  to  2,2 ,4 -triphenyl-3 -butenal,  and  when  treated  with  30%  aqueous  112804  solution,  it  is  converted 
to  2,2,4-triphenyl-3-butenal  and  2,3,5-triphenyl-2,5-dihydrofuran. 

2.  Both  the  cis-  and  trans-isomers  of  2,3-dimethyl-5-phenyl-4-pentene-2,3-diol  were  synthesized.  It 
was  shown  that  treatment  of  the  cis -isomer  with  either  20%  alcoholic  or  30%  aqueous  H2SO4  solution  results  in  its 
transformation  to  4,5,5-trimethyl-2-phenyl-2,5-dihydrofuran. 
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PREPARATION  AND  ISOMERIZATION  OF  MIXED  ESTERS 
OF  DI-(1  ,3-DICHLOROISOPROPYL)PHOSPHOROUS  ACID.  V 


V.  K.  Khalrullin.  A.  I.  Ledeneva,  and  V.  S.  Abramov 
Kazan  Chemicotechnological  Institute 

Earlier  we  studied  the  reactions  of  acid  chlorides  corresponding  to  mono-  and  di-tert-(trlchloromethyl) 
alkylphosphorous  acids  with  various  alcohols  in  the  presence  of  an  organic  base  [1],  as  a  result  of  which  the 
corresponding  mixed  phosphorous  acid  esters  were  obtained.  The  good  yields  of  the  mixed  esters  show  that  they 
are  stable  on  distillation,  and  disproportionation  of  the  ester  radicals  is  not  observed.  It  is  of  Interest  to  prepare 
mixed  phosphorous  acid  esters  with  other  halogen-containing  ester  radicals  and  to  study  the  effect  of  halogens 
on  their  properties. 

Depending  on  the  nature  of  the  radical,  the  presence  of  substituents  therein,  and  the  reaction  conditions, 
alcohols  react  with  phosphorus  trichloride  to  form  alkoxydichlorophosphines,  dialkoxychlorophosphines,  dialkyl- 
phosphorous  acids,  and  trialkyl  phosphites.  Chlorosubstituted  [2]  and  cyano-substituted  [3]  alcohols  react  with 
phosphorus  trichloride  to  give  alkoxychlorophosphines  and,  in  some  cases,  phosphites. 

l,3-Dichloropropanol-2,  which  we  chose  as  the  subject  of  Investigation,  reacts  with  phosphorus  trichloride 
at  room  temperature  and  gives  the  following  products:  (l,3-dichloroisopropoxy)dichlorophosphine  in  227o  yield, 
di-(l ,3-dichloroisopropoxy)chlorophosphine  in  25.4%  yield,  and  di(l ,3-dlchloroisopropyl)  (2,3-dichloropropyl) 
phosphonate  in  9.8%  yield;  the  latter  evidently  is  obtained  as  a  result  of  intra-  or  intermolecular  isomerization 
of  the  tri-(l  ,3-dichloroisopropyl)  phosphite  formed  in  the  course  of  the  reaction,  according  to  the  scheme  studied 
and  proposed  some  time  ago  by  M.  I.  Kabachnik  and  P.  A.  Rossiiskaya  [4].  Isomerization  probably  takes  place 
both  during  the  reaction  and  on  fractionation  of  the  reaction  products.  The  reaction  of  l,3-dichloropropanol-2 
with  phosphorus  trichloride  may  be  represented  by  the  scheme 


The  full  ester  of  phosphorous  acid  was  not  isolated  in  pure  form;  however,  the  intermediate  fraction  pre¬ 
ceding  the  isomerized  ester  reacts  with  cuprous  chloride  with  evolution  of  heat  [5],  which  may  be  used  to  indi¬ 
cate  the  presence  of  a  phosphite. 

Di(l,3-dichloroisopropoxy)chlorophosphine,  on  treatment  with  water,  was  converted  to  the  corresponding 
phosphorous  acid,  which  was  then  condensed  with  aldehydes  and  ketones. 

(1 ,3-Dichloroisopropoxy)dichlorophosphine  was  used  for  the  synthesis  of  mixed  phosphorous  acid  esters, 
which  were  obtained  through  reaction  with  aliphatic  alcohols  in  the  presence  of  pyridine  in  an  absolute  ether 
medium  at  (-6)-0".  The  yield  of  esters  amounted  to  47-65%.  On  fractionation  of  the  reaction  products  low- 
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boiling  fractions  with  extended  boiling  ranges,  which  reacted  exothermically  with  cuprous  chloride,  were  ob¬ 
tained  In  all  cases.  However,  It  was  not  possible  to  Isolate  definite  substances.  The  picture  observed  on  frac¬ 
tionation  calls  to  mind  the  fractionation  of  mixed  aliphatic  phosphites  [6].  From  this  we  conclude  that  In  the 
fractionation  of  the  chlorine-containing  mixed  phosphites  which  we  prepared,  the  ester  radicals  are  dlspro- 
portlonated.  The  relatively  low  yields  of  mixed  esters  also  Indicate  a  disproportionation  process.  Mixed  dl- 
alkyl-(l,3-dlchlorolsopropyl)  phosphites  are  colorless,  mobile  liquids  with  a  slight  odor,  similar  to  that  of  trl- 
ethyl  phosphite.  They  all  react  exothermically  with  cuprous  chloride  and  give  complex  compounds  in  the 
form  of  thick,  noncrystallizing  sirups.  The  physical  properties  of  the  mixed  esters  obtained  are  given  In  Table  1. 

T  wo  of  the  mixed  phosphites  obtained  were  isomerlzed  by  treatment  with  the  corresponding  alkyl  iodides. 
The  reaction  of  Isomerization  with  an  alkyl  iodide  and  spllttlng-off  of  an  unsubstituted  aliphatic  radical  goes 
smoothly  [7].  The  rate  of  reaction  of  the  ester  radical  with  alkyl  chlorides  Is  evidently  negligible,  and  there¬ 
fore  no  intra-  or  Intermolecular  isomerization  products  are  found.  The  physical  properties  of  the  isomerization 
products  of  mixed  phosphites  are  given  In  Table  2. 

On  treatment  of  (l,3-dlchlorolsopropoxy)dlchlorophosphine  in  ethereal  solution  with  water,  the  corres¬ 
ponding  acid  Is  obtained  In  the  form  of  a  viscous,  oily  liquid.  The  resulting  acid  and  alkyl -(1,3-dlchloroiso- 
propyl)  alkylphosphonates  (Table  2)  were  used  for  reactions  of  condensation  with  calcium  polysulfide.  The  con¬ 
densation  was  carried  out  by  the  generally  used  method  [8]  it  proceeded  at  room  temperature.  Condensation 
products  were  obtained  In  the  form  of  yellowish  powders.  Insoluble  in  common  organic  solvents. 

EXPERIMENTA  L 

Reaction  of  l,3-Dichloropropanol-2  with  Phosphorus  Trichloride.  A  274.7  g  quantity  of  phosphorus  tri¬ 
chloride  was  placed  In  a  three-neck  liter  flask  provided  with  dropping  funnel,  thermometer,  mechanical 
stirrer,  and  reflux  condenser  closed  with  a  calcium  chloride  tube.  The  hydrogen  chloride  evolved  was  absorbed 
by  water.  Then  258  g  of  anhydrous  l,3-dichloropropanol-2  was  added  dropwise  during  3  hours  at  room  tempera¬ 
ture  with  vigorous  stirring.  After  the  addition,stlrring  was  continued  for  1.5  hours  more.  The  hydrogen  chloride 
was  drawn  off  in  vacuo.  On  fractionation  of  the  reaction  products  the  following  fractions  were  Isolated:  1st 
up  to  100*  (15-12  mm),  16  g;  2nd  -  100-115"  (12  mm).  111  g;  3rd  - 115-139"  (2  mm),  123  g;  4th  -  139-208" 

(2  mm),  63  g;  5th  —  208-210"  (2  mm),  31  g;  residue  9  g. 

On  redistillation  of  the  second  fraction  there  was  obtained  100.2  g  (22%)  of  (l,3-dichloroisopropoxy)dl- 
chlorophosphine. 

B.p.  75"  (2  mm),  d**®  1.4973,  n*®D  1.5195,  MRp  46.73.  CsHgOCUP.  Calculated  46.10. 

From  the  third  fraction  99.3  g  (25.4%)of di-(l,3-dichloroisopropoxy)chlorophosphine  was  obtained. 

B.p.  135-137"  (1  mm),  di*®  1.4903,  n*®D  1.5189,  MR^  65.66.  CeHioOiClgP.  Calculated  66.09. 

The  fraction  amounting  to  31.3  g  (9.8%)  consisted  of  di*<l,3-dichloroisopropyl)  (2,3-dichloropropyl)phos- 
phonate. 

B.p.  208-210"  (2  mm),  d4*®  1.5018.  n*®D  1.5130,  MRp  83.38.  CgHigOjClgP.  Calculated  83.32. 

The  fourth  (crude)  fraction  reacted  with  cuprous  chloride  with  evolution  of  heat.  Repeated  distillation 
for  the  purpose  ot  isolating  the  phosphite  was  unsuccessful. 

Preparation  of  Dibutyl-(l,3-dichloroisopropyl)phosphite.  A  25.8  g  quantity  of  butanol-1  and  27.5  g  of 
pyridine  in  250  ml  of  anhydrous  ether  were  placed  in  a  500  ml,  three -neck  flask,  equipped  as  described  above. 
Forty  g  of  (l,3-dichloroisopropoxy)dichlorophosphine  was  added  dropwise  at  such  a  rate  that  the  temperature 
did  not  exceed  0",  the  mixture  being  cooled  with  ice  and  salt  and  stirred.  Stirring  was  then  continued  at  room 
temperature  for  30  minutes  and  during  refluxing  for  30  minutes.  On  cooling,  the  pyridine  hydrochloride  was 
filtered  out,  the  ether  driven  off,  and  the  residue  distilled  in  vacuo.  After  two  successive  fractionations  the 
following  fractions  were  isolated:  1st  —  up  to  122"  (1  mm),  5.7  g;  2nd  —  122-124"  (1  mm),  31.1  g;  residue  6.5  g. 

The  fraction  with  b.p.  122-124"  (1  mm)  was  dibutyl-(l,3-dichloroisopropyl)phosphite,  the  constants  and 
analyses  of  which  are  given  in  Table  1. 
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The  preparation  of  other  mixed  phosphorous  acid  esters  was  similar. 

When  a  mixture  of  14.0  g  of  methanol  and  50  g  of  (l,3-dlchloroisopropoxy)dlchlorophosphine  was  dis¬ 
tilled  twice,  there  were  obtained  the  fractions:  1st  —  up  to  87*  (4  mm),  7  g;  2nd  —  87*  (4  mm),  22.3  g;  residue 
4  g. 

From  27.6  g  of  alcohol  and  40  g  of  (l,3-dlchloroisopropoxy)dichlorophosphine  were  obtained  the  fractions: 
1st  -  up  to  84*  (1.6  mm),  4  g;  2nd  -  84-86*  (1.6  mm),  29  g;  residue  4.6  g. 

From  10.6  g  of  propanol-1  and  20  g  of  (l,3-dichloroisopropoxy)dichlorophosphine  were  obtained  the 
fractions:  Ist  —  up  to  105*  (2  mm),  2  g;  2nd  — 106-107*  (2  mm),  12.3  g;  residue  3  g. 

The  middle  fractions  were  dialkyl-(l,3-dichloroisopropyl)phosphites.  Their  constants  and  analyses  are 
given  in  Table  1. 

Isomerization  of  Diethyl-(l,3-dichloroisopropyl)  Phosphite  With  Ethyl  Iodide. .  Six  g  of  ethyl  iodide  and 
26  g  of  di€thyl-(1.3-dichlorolsopropyl)phO'phite  were  sealed  in  an  ampule.  After  the  ampule  was  heated  in  a 
boiling-water  bath  for  15  hours,  it  was  opened,  the  ethyl  iodide  distilled  off  (5  g),  and  the  residue  fractionated 
in  vacuo.  There  was  isolated  13  g(50%)  of  ethyl-(l,3-dichloroisopropyl)  ethylphosphonate. 

B.p.  100*  (1  mm),  d^*®  1.2470,  n**D  1.4610  MR^  55.00  C7H1BO3CI2P.  Calculated  65.13. 

Isomerization  of  Dibutyl-(l,3-dichloroisopropyl)  Phosphite  with  Butyl  Iodide.  An  ampule  containing 
29.6  g  of  the  dibutyl-(l,3-dichloroisopropyl)  ester  and  5  g  of  butyl  iodide  was  heated  at  100*  for  16  hours. 

From  the  reaction  products  19.7  g  (66.7%)  of  butyl -(1,3-dlchloroisopropyl)  butylphosphonate  was  obtained. 

B.p.  140-142  (1.5  mm),  d4*®  1.1326,  n*®D  1.4585,  MRp  73.60.  CuHjsOjCltP.  Calculated  73.53. 

Preparation  of  (l,3-dichloroisopropyl)phosphorous  Acid.  A  98.85  g  quantity  of  (1,3-dichloroisopropoxy) 
dichlorophosphine  and  100  ml  of  ether  were  put  into  a  three-neck  flask  provided  with  dropping  funnel,  ther¬ 
mometer,  mechanical  stirrer,  and  gas  outlet  tube.  The  flask  was  kept  cold  with  ice  and  salt,  and  15.5  ml  of 
water  was  added  dropwise  at  such  a  rate  that  the  temperature  in  the  flask  did  not  exceed  0*.  The  reaction 
products  stood  for  30  minutes  at  room  temperature,  after  which  hydrogen  chloride  and  ether  were  removed  in 
vacuo  by  heating  to  100*,  the  residue  was  a  viscous,  oily  liquid  which,  according  to  its  constants  and  analysis, 
consisted  of  (1.3-dichlorolsopropyl)phosphorous  acid. 

d4*®  1.5040,  n*®D  1.4860,  MRp  36.82.  Calculated  36.54. 

Found  %:  Cl  36.88,  36.96;  P  15.75,  15.61.  CjHtOjCIjP.  Calculated  %:  Cl  36.74;  P  16.06. 

SUMMARY 

1.  A  study  has  been  made,  of  the  reaction  between  l,3-dlchloropropanol-2  and  phosphorus  trichloride, 
which  leads  to  the  formation  of:  (1 ,3-dichloroisopropoxy)dichlorophosphine,  di(l,3-dichloroisoprop)oxy)-chloro- 
phosphine,  and  di-(l  ,3-dichloroisopropyl)  (2,3-dichloropropyl)phosphonate,  the  latter  being  obtained  through 
isomerization  of  tri-(l, 3 -dich  loro  isopropyl)  phosphite. 

2.  Mixed  dialkyl-(l,3-dichloroisopropyl)  phosphites  have  been  synthesized. 

3.  Isomerization  of  the  mixed  phosphites  by  the  corresponding  alkyl  iodide  goes  smoothly,  with  splitting- 
off  of  the  unsubstituted  aliphatic  alkyl  radical  and  formation  of  alkyl-(l,3-dichloroisoptopyl)  alkylphosphonates. 
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USE  OF  N,N’-DICYCLOHEXYLCARBODIIMIDE  FOR  THE  SYNTHESIS 
OF  OXAZOLIN-6-ONES  SUBSTITUTED  IN  POSITIONS  2  AND  4 


I.  T .  S tru ko V 

S.  Ordzhonikidze  All-Union  Scientific -Research  Chemical-Pharmaceutical  Institute 


In  recent  years  carbodiimldes  have  found  wide  application  in  organic  synthesis.  After  the  publication  of 
a  monograph  on  the  chemistry  of  carbodiimldes  [1],  in  which  methods  of  their  preparation  and  also  their  phy¬ 
sical  and  chemical  properties  were  described,  a  number  of  papers  on  new  ways  of  using  them  appeared  in  the 
literature.  N,N'-Dicyclohexylcarbodiimide  became  especially  important  [2-5]  as  one  of  the  compounds  that 
are  accessible  and  convenient  in  use. 

N,N'-Dlcyclohexylcarbodlimide  was  used  in  the  synthesis  of  peptides  [6,7],  carboxylic  acid  esters  [8], 
alkyl-  and  arylsulfonic  acid  anhydrides  [9],  pyrophosphoric  acid  esters  from  acid  esters  of  phosphoric  acid  [10], 
and  also  adenosinedl-and  -triphosphoric  acids  [11],  P^,P*-diadenosine-5'-pyrophosphoric  acid  [11],  and  mono¬ 
esters  of  ribonucleoside-2'-  and  3'-phosphoric  acids  [12].  Besides,  the  reactions  of  N,N'-dicyclohexylcarbodii- 
mlde  with  alcohols  [13],  acid  anhydrides  [14],  and  cyanamide  [15]  were  described.  Finally,  N,N'-dicyclohexyl- 
carbodiimide  was  used  for  the  synthesis  of  penicillin  V  from  monopotassium  phenoxymethylpenicilloate  [16] 
and  that  of  a  series  of  other  penicillins  [17],  and  also  isoreserpic  acid  lactone  [24]. 

In  the  study  of  the  reaction  between  N-acyl-a-amino  acids  and  N,N'-dlcyclohexylcarbodiimlde  in  a  dry 
chloroform  medium  it  was  established  that  oxazolin-5-ones  substituted  in  position  2  or  positions  2  and  4  are 
easily  formed  in  this  case.  Thus,  for  instance,  a-benzoylamino-B -chloroacrylic  acid  is  very  easily  converted 
to  2-phenyl-4-(chloromethylen)-oxazolin-5-one,  identified  with  that  already  described  in  the  literature  [18], 
the  diethylacetal  of  formylhip^uric  acid  gives  the  well-known  2-phenyl-4-(ethoxymethylen)oxazolin-5-one,  which 
which  was  obtained  earlier  by  heating  hippuric  acid  with  orthoformic  ester  and  acetic  anhydride  [19],  and  hip- 
puric  acid  forms  2-phenyloxazolin-5-one.  The  latter  is  easily  prepared  by  heating  hippuric  acid  with  acetic 
anhydride  [20-22]. 


The  reaction  between  hippuric  acid  and  N,N*-dicyclohexylcarbodiimides  does  not  proceed  as  smoothly 
as  the  two  preceding  ones,  and  the  reaction  mass  must  be  heated. 

The  reaction  of  formation  of  oxazolln-5-ones  may  be  represented  in  the  following  general  form: 


a)  For  saturated  oxazolin-5-ones: 


R— CHNHCOR'  C«H„N. 

I  +  \ 

COOH 

C«HnN^ 


R_CH— N=CR" 
I 

CO 


OH 


O 


R— CH-N 

I  ^ 

CO  CR'+  / 
\o/  CeHnNH 

(I) 

where  R  =  h  or  alkyl  R'  =  C.H,. 


Lc^,HhNHc=nc6Nii  J 

CeH„NH 
^CO 
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b)  For  unsaturated  oxazolin-S-ones; 


R==CNIICOir  CflllnN. 

+  \ 

C«HnN^ 


coon 


R=c— N=cn' 

I  I 
CO  OH 

I 

o 


LC,Hi,Nn-C=NCeHnJ 

R=C-N  C«Hi,NH 

CO  \:i.'  +  >0 

\o/  CoHnNH 


fir> 


wheie  R  «=  CH,.  CHiCHetc.»and  also  ciCH,  c,h,och;  r'  =  c,h,. 


A  special  case  of  the  Type  "b"  reaction  Is  the  conversion  of  the  diethylacetal  of  formylhlppuric  acid  to 
2-phenyl-4-(ethoxymethylen)oxazolin“5-one  (II,  R  =  CjH50CH;  R’  =CjH5),  in  which  an  alcohol  molecule  is 
split  off. 

In  one  of  the  papers  it  was  shown  that  the  reaction  between  N-acylamino  acids  and  amino-acid  esters 
in  the  presence  of  N,N'-dicyclohexylcarbodiimide  leads  to  compounds  with  a  peptide  linkage,  N-acyl-N,N'- 
dlcyclohexylcarbamides  being  formed  at  the  same  time.  The  reaction  proceeds  by  addition  of  the  acylamino 
acid  to  one  of  the  double  bonds  of  the  carbodiimide  [6]. 


In  the  given  case  the  intermediate  compound  (in  square  brackets)  is  shown  as  the  tautomeric  form  of  the 
amide.  In  the  absence  of  an  amino-acid  ester  it  may  undergo  rearrangement  either  to  an  N-acyl-N,N*-dicyclo- 
hexylcarbamlde  or  to  oxazolin-5-one  (I)  or  (II).  Obviously  the  second  reaction  takes  place  much  more  readily 
than  the  first;  this  may  be  explained  by  the  weakening  of  the  bond  between  carbonyl  and  oxygen  in  the  inter¬ 
mediate  compound  and  the  mobility  of  the  hydrogen  atom  in  the  hydroxyl  group.  This  is  possibly  facilitated 
by  the  sterlc  arrangement  of  the  groups  which  form  the  azlactone  ring. 

N,N'-Dicyclohexylcarbodiimide,  being  a  more  expensive  substance  than  ordinary  azlactonlzlng  com¬ 
pounds,  can  be  recommended  only  in  special  cases.  Its  advantage  consists  in  the  fact  that  it  separates  from 
the  reaction  mass  in  the  form  of  the  difficultly  soluble  N,N'-dicycIohexylcarbamide,  which  facilitates  the 
work  of  isolating  the  oxazoIin-5-ones  in  pure  form.  Besides,  the  conversion  of  N-acyl-ot-amlno  acids  to  oxa- 
zolln-5-ones  by  means  of  this  carbodiimide  takes  place  even  at  room  temperature  in  a  number  of  cases  without 
requiring  preliminary  heating;  this  is  of  substantial  importance. 


EXPERIMENTAL 

2-Phenyl-4-(chloromethylenoxazolin-5-one.  One  g  of  a-benzoylamino-8-chloroacrylic  acid  was  added 
to  a  solution  of  1  g  of  N,N'-dicyclobexylcarbodiimide  in  10  ml  of  dry  chloroform.  Heat  was  evolved,  and 
N,N'-dicyclohexylcarbamide  was  immediately  precipitated.  On  the  next  day  the  precipitate  was  filtered  out 
and  washed  with  chloroform.  Weight  1  g.  M.p.  224-226*.  The  chloroform  was  removed  from  the  filtrate  at 
room  temperature;  in  this  case  a  residue  of  li^t-green  crystals  was  obtained,  which  was  treated  with  5  ml  of 
absolute  alcohol.  Yield  0.9  g.  After  recrystallization  from  absolute  alcohol  fine,  pale-yellow  needles  with 
m.p.  126.5-127.5"  were  obtained.  Yield  0.75  g  (81.5%). 

Found  %;  C  57.83,57.55;  H  2.98,  2.91;  N  6.54,  6.56;  Cl  17.00.  CioHjO^NCl.  Calculated  %:  C  57.83; 

H  2.91;  N  6.74;  Cl  17.03. 

2-Phenyl-4-(ethoxymethylen)oxazolin-5-one.  To  a  solution  of  1.1  g  of  dicyclohexylcarbodiimide  in 
10  ml  of  dry  chloroform  was  added  1.4  g  of  the  diethylacetal  of  formylhlppuric  acid.  The  solid  matter  imme¬ 
diately  dissolved,  the  solution  warmed  up  slightly,  and  N,N’-dicyclohexylcarbamide  precipitated.  On  the  next 
day  the  latter  was  filtered  out  and  washed  with  chloroform  (1.1  g).  The  chloroform  was  removed  at  room  tem¬ 
perature,  and  the  crystalline  residue  was  recrystallized  from  benzine,  charcoal  being  used.  Silky,  pale-yellow 
needles  with  m.p.  96-97*  were  obtained.  Yield  0.6  g  (55.5%). 

On  reaction  with  alcoholic  ammonia  solution  there  was  obtained  2-phenyl-4-(aminomethylen)-oxazolin- 
5-one,  m.p.  213-215*  (dec.);  this  is  described  in  the  literature  [23]. 
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Found  C  66.41;  H  5.06;  N  6.46.  Ci,HuOjN.  Calculated*^:  C  66.35;  H  5.10;  N  6.44. 

2-Phenyloxazolln-5-one.  To  a  solution  of  2.2  g  of  N,N'-dlcyclohexylcarbodiimlde  In  15  ml  of  dry  chloro¬ 
form  was  added  1.79  g  of  hippurlc  acid.  The  solid  matter  did  not  dissolve.  On  agitation  the  mass  thickened  and 
acquired  a  slight  yellow  tinge.  On  the  next  day  it  was  refluxed  in  a  water  bath  for  6  hours;  in  this  case  the  char¬ 
acter  of  the  crystalline  solid  matter  changed.  On  cooling,  the  precipitate  of  N,N'-dicyclohexylcarbamide  was 
filtered  out  and  washed  with  chloroform.  Weight  2.1  g,  m.p.  225-226*. 

After  evaporation  of  the  chloroform  the  residue  consisted  of  coarse,  yellow  tablets,  which  were  recrystallized 
from  anhydrous  alcohol.  M.p.  90-92*.  Yield  0.9  g(56%). 

Found  C  66.82;  H  4.56;  N  8.6-1.  CjUjO^N.  Calculated  %:  C  67.07;  H  4.38;  N  8.68. 

SUMMARY 

N,N'-Dicyclohexylcarbodiimide  has  been  used  for  the  synthesis  of  oxazolin-5-ones  from  hippurlc  and 
a-benzoylamino-B  -chloroacrylic  acids  and  the  diethylacetal  of  formylhippuric  acid. 
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ON  THE  KINETICS  OF  THE  MUTUAL  CONVERSION  OF 


CIS-TRANS  ISOMERS 
I.  CARBOXYLIC  ACIDS 

A.  L.  Markman  and  E.  V.  Zinkova 
Mid-Asiatic  Polytechnic  Institute 

In  the  preceding  article  [1]  we  showed,  for  the  case  of  a  series  of  geometrically  isomeric  acids,  that  the 
cis-forms  are  always  more  easily  reduced  at  the  dropping-mercury  cathode  than  the  trans-forms;  this  is  due  to 
the  greater  content  of  free  internal  energy  of  the  cis-modifications.  From  this  we  were  justified  in  concluding 
that  the  introduction  of  photon  energy  from  outside  would  promote  the  conversion  of  the  trans-modifications  to 
the  cis-modifications,  whereas  exchange  of  this  energy  would  cause  the  reverse  transformation. 

It  should  be  noted  that  Stoermer,  in  a  series  of  papers  [2],  long  ago  established  the  fact  of  the  conversion 
of  stable  isomers  to  labile  under  the  influence  of  ultraviolet  light.  Because  of  the  difficulty  of  separating  the 
isomers,  however,  he  could  not  study  the  kinetics  of  the  mutual  conversions.  We  decided  to  follow  the  course  of 
the  conversion  process,  using  the  differences  which  we  found  [1]  in  the  polarographic  behavior  of  cis-  and  trans- 
isomeric  acids. 

Our  attempts  to  isomerize  the  trans-forms  of  certain  ethylenic  acids,  e.g.,  crotonic,  fumaric,  and  aconitic, 
to  the  corresponding  cis-forms  by  irradiation  in  the  presence  of  suitable  indifferent  electrolytes  (NH^Cl  or  HCl) 
led  to  some  unexpected  results:  the  trans-modification  usually  disappeared  gradually  and  the  new  form  either 
did  not  appear  at  all  or  appeared  in  incongruously  small  quantity;  the  reverse  transformation  on  standing  in  the 
dark  did  not  occur.  Assuming  that  in  the  given  case  some  change  takes  place  in  the  indifferent  electrolyte  under 
the  influence  of  irradiation,  we  irradiated  alcoholic  solutions  of  hydrochloric  acid  and  proved  to  our  satisfaction 
that  free  chlorine  appears  in  the  solution  in  this  case.  Obviously  this  chlorine  in  statu  nascendi  adds  to  the  double 
bonds  of  ethylenic  compounds,  causing  irreversible  transformations.  To  avoid  this  phenomenon,  subsequent  experi¬ 
ments  on  irradiation  were  performed  in  the  absence  of  indifferent  electrolytes. 

EXPERIMENTA  L 

A  solution  of  trans-cinnamic  acid  (0.01  M)  and  NH4CI  (0.1  N)  in  96*70  alcohol  was  irradiated  with  the 
light  of  a  quartz-mercury  lamp.  From  time  to  time  two  5-ml  samples  were  taken.  One  of  them  was  diluted  in 
a  10-ml  pycnometer  with  alcoholic,  and  the  other  with  aqueous  0.1  N  ammonium  chloride  solution.  Thus,solutions 
of  5  X  lO'S  M  concentration  were  obtained,  one  in  96*7o  alcohol  and  the  other  in  50*7o  alcohol.  The  content  of  the 
trans-acid  was  determined  polarographically  in  the  first,  and  the  total  content  of  both  acids  in  the  second;  from 
this  the  content  of  the  cis-form  could  be  calculated  in  particular.  After  12-14  hours  of  irradiation  the  trans-isomer 
was  quantitatively  converted  to  the  cis-isomer.  At  any  particular  instant  the  sum  of  the  two  forms  was  equal(with- 
in  the  limits  of  experimental  error)  to  5  x  10‘*  M. 

trans -Aconitic  acid  was  irradiated  in  the  form  of  a  0.01  M  solution  in  96*7>  alcohol.  Before  being  polaro- 
graphed,  the  solution  samples  were  diluted  with  twice  their  volume  of  2  N  aqueous  hydrochloric  acid;  thus  condi¬ 
tions  were  attained,  under  which  the  cis-  and  trans-acids  gave  clearly  distinct  waves  on  the  polarization  curve. 
Conversion  of  the  trans-acid  to  the  cis-acid  was  quantitatively  complete  after  5  hours. 
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Conversion  of  the  cls-Modificatlons  of  Ethylenlc  Acids  to  the  trans -Modifications 


Acid 

Time 

standing 

(days) 

Cone,  cls- 

isomer 

(mmol/litei) 

Cone,  trans¬ 
isomer 
(mmol/lltei) 

Total  cone. 

isomers 

(mmol/llter] 

K 

f 

0 

.5.17 

.5.17 

Maleic,  from 

1 

4.75 

— 

4.75 

— 

irradiation  of 

3 

4..54 

— 

4..54 

0.043 

fumaric  acid  | 

7 

3.8!» 

0.81 

4.70 

0.041 

1 

9 

3.46 

1.43 

4.89 

0.045 

1 

45 

— 

4.89 

4.89 

— 

A  verage 

0.043 

0 

5.(K) 

_ 

.5.00 

_ 

7 

4.66 

_ 

4.66 

_ 

Maleic  (C.  P.), 

9 

3.33 

1..57 

4.90 

0.045 

crystalline 

14 

3.16 

1.72 

4.88 

0.032 

28 

1.16 

3.92 

5.08 

(*.052 

43 

— 

*  4.56 

4..56 

— 

Average 

. 

0.043 

0 

5.18 

_ 

5.18 

_ 

2 

4.17 

1.13 

5..30 

0.108 

cis-Aconitic 

4 

3.W) 

1.40 

5-00 

0.091 

8 

2.16 

2.45 

4.61 

(*.073 

50 

— 

4.90 

4.90 

— 

Average 

0.091 

0 

4.94 

4.94 

_ 

3 

2.68 

2..50 

.5.18 

(*..3(»4 

Citraconic 

5 

2.07  ■ 

3..54 

.5.61 

0.174 

9 

1.49 

3..54 

5.03 

0.1.33 

20 

— 

5.(K) 

5.00 

— 

Average 

. 

0.170 

0 

.5.(K) 

_ 

5.00 

_ 

1 

3-77 

0.92 

4.69 

0.282 

2 

.3..59 

1.41 

5.00 

0.1  ()6 

Allocinnamic 

3 

2..53 

2.26 

4.89 

0.227 

4 

1.10 

4.09 

5.19 

0.379 

5 

0.43 

4..37 

4.80 

(*.491 

6 

— 

4.80 

4.80 

— 

Average 

. 

0.309 

0 

9.95 

_ 

9.!I5 

_ 

3 

3.27 

6.73 

10.00 

0.381 

Isocrotonic  < 

5 

0.84 

8.88 

9.72 

0.495 

I 

1 

10 

— 

9.81 

9.81 

— 

Average  . 

0.438 

Mesaconic  acid  was  irradiated  in  the  form  of  a  6.67  x  10‘*  M  solution  in  96%  alcohol.  In  a  10-ml  pycnom 
etcr,  7.5-ml  samples  were  diluted  to  the  mark  with  4  N  aqueous  hydrochloric  acid;  thus  a  5  x  10‘>  M  solution 
of  the  acid  in  75%  alcohol,  containing  1  N  hydrochloric  acid,  was  obtained  for  polarographing;  under  these  condi¬ 
tions  mesaconic  and  citraconic  acids  gave  two  distinct  waves  on  the  polarization  curve.  Mesaconic  acid  was 
fully  converted  to  citraconic  after  6  hours  of  irradiation. 

For  irradiation  of  fumaric  acid  a  0.01  M  solution  of  the  latter  in  96%  alcohol  was  used.  Five-ml  samples 
were  diluted  for  polarographing,  with  an  equal  volume  of  0.2  N  hydrochloric  acid  in  96%  alcohol.  Conversion 
of  fumaric  acid  to  maleic  was  complete  after  5  hours  of  irradiation. 

Crotonic  acid  was  irradiated  in  the  form  of  a  0.1  M  solution  in  96%  alcohol.  One-ml  samples  were  taken 
two  at  a  time;  one  of  these  was  diluted  in  a  10  ml  pycnometer  to  the  mark  with  a  0.1  N  solution  of  NH4CI  in 
96%  alcohol,  and  the  other  was  so  diluted  with  0.1  N  aqueous  NH4CI;  the  concentration  of  isocrotonic  acid  was 
determined  in  the  first  solution,  and  the  total  concentration  of  both  isomeric  acids  in  the  second.  The  entire 
transition  of  crotonic  acid  to  isocrotonic  under  the  influence  of  irradiation  was  complete  after  30  hours. 
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All  the  solutions  of  labile  cls-acids,  obtained  by  irradiation  were  left  in  the  dark.  Samples  were  periodi¬ 
cally  taken  from  these  solutions  and  analyzed  polarographically  for  their  content  of  both  geometric  Isomerics 
in  order  to  follow  the  process  of  spontaneous  conversion  of  the  cis-modlflcations  to  the  trans-modlficatlont.  The 
results  found  are  given  in  the  table.  Reaction  rate  constants,  calculated  by  means  of  the  equation  for  the  first- 
order  reaction,  are  listed  in  the  last  column  of  this  table.  The  figures  obtained  quite  conclusively  Indicate  the 
monomolecular  character  of  the  reaction,  which,  naturally,  was  to  be  expected. 

The  great  stability  of  crystalline  maleic  acid  is  generally  known.  Apparently  this  stability  is  due  to  the 
fixed  position  of  the  molecules  in  the  crystal  and  should  vanish  when  the  substance  goes  into  solution.  In  order 
to  test  this  hypothesis  we  prepared  a  solution  of  ordinary  chemically  pure,  crystalline  maleic  acid  and  polaro¬ 
graphically  determined  the  composition  of  the  solution  after  definite  time  intervals.  The  results  of  these  analyses 
confirm  our  hypothesis. 

Although  the  cis-forms  of  all  ethylenic  acids  studied  are  labile,  they  differ  greatly  in  the  degree  of  their 
liability;  maleic  and  cis-aconitic  acids  are  much  more  stable  than  allocinnamic  and  isocrotonic. 

SUMMARY 

The  kinetics  of  mutual  conversion  of  the  cis-trans-modifications  of  five  ethylenic  acids  has  been  studied. 

A  substantial  diversity  has  been  found  in  the  degree  of  lability  of  the  cis -modifications  of  different  acids,  which 
was  determined  from  the  rate  constants  of  their  conversion  to  the  trans-modifications. 
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SYNTHESIS  OF  O  .  fl  -  D IC  H  LOROPROPION  A  MID  E 


S.  S.  Ivanov 

Institute  of  High-Molecular  Compounds  of  the  USSR  Academy  of  Sciences 


Klimenko  [1]  and  Beckurts  and  Otto  [2]  showed  that  in  the  reaction  of  ammonia  with  esters  of  halogen- 
substituted  propionic  acids  the  alkoxyl  radical  is  replaced,  the  corresponding  amides  being  formed.  Thus, Klimenko 
[1]  prepared  a, a-dichloropropionamide  by  treating  ethylcc,ot-dichioropropionate  with  dilute  ammonia  at  room 
temperature.  Otto  [3], prepared  6 .6  -dichloropropionamide  thru  the  reaction  of  concentrated  aqueous  ammonia 
■with  ethyl  0 ,6 -dichloropropionate  in  the  cold. 

Up  to  now,  however,  tt,0 -dichloropropionamide  has  not  been  described  in  the  literature.  As  we  showed 
earlier  [4],  when  methyl  a, 6  -dichloropropionate  reacts  with  ammonia  at  room  temperature  or  lower  (down  to 
-25*),  chlorine  is  split  off  with  separation  of  ammonium  chloride,  and,  instead  of  the  expected a,0 -dichloropro¬ 
pionamide,  a  polymer  of  low  molecular  wei^t  (C3HsO^N)n,  is  formed  as  final  product. 

Synthesis  of  a, 0 -Dichloropropionamide 

A  20.0  g  quantity  of  a.0  -dichloropropionitrile  [5],  50  g  of  85*^  sulfuric  acid,  and  0.1  g  of  hydroquinone 
were  stirred  in  a  100-ml,  round-bottom  flask  for  24  hours  at  18*,  24  hours  at  40*,  and  2  hours  at  60*.  The  ice- 
cooled  reaction  mixture  was  neutralized  with  concentrated  sodium  carbonate  solution,  the  sodium  sulfate  filtered 
out,  and  the  aqueous  solution  extracted  with  ether.  The  ether  was  removed  in  vacuo,  and  a,0 -dichloropropionamide 
was  isolated  in  theoretical  yield  in  the  form  of  white  crystals  with  m.p.  103*  (from  benzene). 


Solubility  of  a,6  -Dichloropropionamide  at  20* 


Solvent 

Quantity  of  a,0  -dichloro¬ 
propionamide  (in  g)  soluble 
in  100  g  of  solvent 

Acetone 

i 

114.5 

Methanol 

89.2 

Dioxane 

76.2 

Ethanol 

31.1 

Ether 

19.3 

Water 

4.35 

Chloroform 

4.00 

Benzene 

1.98 

Petroleum  ether  (b.p.  68*) 

0.59 

Hexane 

0.44 
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At  room  temperature  a, 6 -dichloropropionamide  is  very  soluble  in  water,  methanol,  ethanol,  ether,  and 
dioxane  and  less  soluble  in  benzene  and  hexane.  Data  on  the  solubility  of  a, S -dichloropropionamide  are  given 
in  the  table.  Solutions  of  ct, 6 -dichloropropionamide,  falling  on  the  skin,  produce  burns  and  blisters  [6]. 

SUMMARY 

A  method  of  synthesizing  a,d  -dichloropropionamide  and  the  properties  of  the  latter  are  described. 
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SOME  REACTIONS  OF  CARBON  SUBOXIDE 

III.  ORGANOLITHIUM  SYNTHESIS  OF  SYMMETRICAL  8  -DIKETONES 
USING  CARBON  SUBOXIDE 

L.  B.  Dashkevich  and  L.  N.  Kuz'menko v 
Leningrad  Chemicopharmaceutlcal  Institute 


As  was  described  in  previous  work  [1],  the  use  of  carbon  suboxide  in  organomagnesium  synthesis  leads  to 
the  formation  of  symmetrical  8 -diketones  in  a  series  of  cases.  The  present  investigation  showed  that  organo- 
lithium  synthesis  may  be  used  successfully  for  a  similar  purpose. 

In  all  probability  an  organometallic  compound  adds  to  carbon  suboxide  at  a  carbonyl  group  and  not  at  an 
ethylene  link,  since  the  density  of  the  electron  cloud  at  the  oxygen  atom  is  undoubtedly  higher.  The  proposed 
reaction  scheme  is  as  follows: 


2KLi  +  ()=C=C=C=U 


LiO.  /OLi 

\c=c=c< 

R/  \r 

O 


H.o 


HO,  .OH 

\c=c=c< 

IK  \r 


OH  0 

R— ll-GHj—C— R  R— C=CH-f:-R 


EXPERIMENTA  L 

For  the  reactions  we  used  ether  solutions  of  carbon  suboxide  prepared  by  Staudinger's  method  [2].  The 
organolithium  compounds  required  were  prepared  in  metallation  of  alkyl  halides  in  an  atmosphere  of  nitrogen 
freed  from  impurities  [3). 

Preparation  of  Diacetylme thane.  To  a  freshly  prepared  ether  solution  of  1.9  g  of  methyllithium  was 
added  400  ml  of  an  ether  solution  of  carbon  suboxide  (2.80  g  of  C30^).  A  light  yellow  precipitate  formed  rapidly 
and  when  it  had  settled,  it  was  collected  and  treated  with  dilute  sulfuric  acid  to  weakly  acid  reaction  to  Congo 
Red.  The  liquid  mixture  was  extracted  three  times  with  ether.  After  removal  of  the  ether  from  the  combined 
ether  extracts,  a  fraction  (1.9  g)  with  b.p.  133-135*  (according  to  literature  data  diacetylmethane  had  b.p. 
135-136*  [4]),  t^®D  1.4538,  and  ds*®  0.9696  was  collected.  A  qualitative  reaction  for  an  enol  grouping  with 
ferric  chloride  was  positive.  Reaction  of  semicarbazide  and  the  diacetylmethane  yielded  the  amide  of  3,5-di- 
methylpyrazole-1 -carboxylic  acid  with  m.p.  111-112*,  which  corresponds  to  literature  data  [4].  The  yield  of 
diacetylmethane  calculated  on  the  carbon  suboxide  was  47%. 

Dipropionylmethane  was  obtained  analogously  to  the  previous  compound.  1.9  g  of  ethyllithium  and  an 
ether  solution  of  1.4  g  of  carbon  suboxide  were  used  for  the  reaction.  We  collected  a  fraction  with  b.p.  74-75* 
(25  mm).  According  to  literature  data  dipropionylmethane  has  b.p.  80*  (30  mm)  [5],  r^®D  1.4054  d4*®  0.9442. 

A  reaction  for  an  enol  grouping  was  positive.  The  amide  of  3,5-diethylpyrazole-l -carboxylic  acid  had  m.p. 
134-135*,  which  corresponds  to  literature  data.  The  yield  of  dipropionylmethane  calculated  on  carbon  suboxide 
was  60.47o. 
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Divalerylmethane  was  obtained  by  the  action  of  an  ether  solution  of  1.4  g  of  carbon  subolxde  on  an  ether 
solution  of  2.9  g  of  butyllithlum.  We  synthesized  2.2  g  of  divalerylmethane  with  b.p.  110-113*  (20  mm),  t^*D 
1.4564,  d4*®  0.9258.  A  reaction  for  an  enol  grouping  was  positive.  The  amide  of  3,5-dibutylpyrazole-l-carboxyllc 
acid  had  m.p.  166-168*.  Our  data  agreed  with  that  in  the  literature  [6].  The  yield  of  divalerylmethane  calculated 
on  carbon  suboxide  was  677o. 

Dibenzoylmethane  was  obtained  by  the  action  of  an  ether  solution  of  3.2  g  of  phenyllithium  on  200  ml  of 
an  ether  solution  of  1.45  g  of  carbon  suboxide.  Acid  hydrolysis  of  the  intermediate  lithium  compound,  extraction 
with  ether  and  removal  of  the  latter  yielded  a  crystalline  product  with  m.p.  76-78*,  which  corresponds  to  litera¬ 
ture  data  for  dibenzoylmethane  [7].  The  reaction  for  an  enol  grouping  was  positive.  We  prepared  the  amide  of 
3,5-diphenylpyrazole-l-carboxylic  acid  with  m.p.  202-203*,  which  does  not  disagree  with  literature  data  [4]. 

The  yield  of  dibenzoylmethane  was  2.9  g,  which  represents  60^  calculated  on  the  carbon  suboxide. 

Di(phenylaceto)methane  was  obtained  from  ether  solutions  of  5.0  g  of  benzyllithium  and  1.6  g  of  carbon 
suboxide.  We  obtained  1.2  g  of  product  with  m.p.  52-53*(from  ethanol)  [1].  A  reaction  for  an  enol  group  was 
positive.  With  semicarbazide,  di(phenylaceto)methane  gave  a  substance  with  m.p.  177-180*,  which  in  all  prob¬ 
ability  was  the  amide  of  3,5-dibenzylpyrazole-l -carboxylic  acid. 

Found  %:  N  14.27.  M  307.6.  CigHiyONj.  Calculated  N  14.50.  M  302. 

The  yield  of  di(phenylaceto)methane  calculated  on  carbon  suboxide  was  about  20%. 

SUMMARY 

1.  It  was  shown  that  as  a  result  of  the  interaction  of  carbon  suboxide  with  organolithium  compounds  in 
the  cold  in  diethyl  ether,  symmetrical  aliphatic  and  aromatic  0 -diketones  were  formed. 

2.  The  organolithium  synthesis  of  symmetrical  0  -diketones  led  to  somewhat  higher  yields  than  organo- 
magnesium  synthesis. 
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In  accordance  with  previous  investigations  [1,  2]  it  might  have  been  expected  that  the  reaction  between 
carbocyclylmagnesium  halides  and  carbon  suboxide  would  have  led  to  the  formation  of  symmetrical  6  -diketones. 
However,  the  reactions  of  cyclopentylmagnesium  and  cyclohexylmagnesium  bromides  and  of  methylmagnesium 
and  bornylmagnesium  chlorides  with  carbon  suboxide  gave  methyl  ketones  as  the  final  products.  The  reactions 
apparently  proceeded  according  to  the  following  scheme: 

RMgX  +  0=C=C=C-0  — 

—CO, 

0 

II 

— ►  R-C-CIla 


no. 

r/ 


EXPERIMENTA  L 

Ether  solutions  of  carbon  suboxide  were  obtained  by  Staudinger's  method  [3].  Cyclopentylmagnesium  and 
cyclohexylmagnesium  bromides  [4]  and  methylmagnesium  and  bornylmagnesium  chlorides  [5]  were  also  obtained 
by  known  methods. 

Methyl  Cyclopentyl  Ketone.  To  an  ether  solution  of  cyclopentylmagnesium  bromide,  obtained  from  3.7  g 
of  cyclopentyl  bromide,  was  added  an  ether  solution  of  0.5  g  of  carbon  suboixde.  When  it  had  stood  for  a  time, 
the  reaction  mixture  was  boiled  gently  on  a  water  bath  for  1  hour.  The  intermediate  magnesium  compound  was 
then  decomposed  with  10%  hydrochloric  acid.  The  ether  layer  was  separated  and  the  aqueous  one  extracted  three 
times  with  ether.  The  combined  ether  extracts  were  dried  with  baked  sodium  sulfate,  the  ether  removed  and  the 
residue  vacuum  distilled.  We  obtained  a  fraction  with  b.p.  64-66*  (10  mm),  which  corresponds  to  literature  data 
for  methyl  cyclopentyl  ketone  [6],  0.9161  and  n*®D  1.4452.  The  yield  was  0.63  g(68%). 

Found  %:  C  75.51;  H  10.62.  M  107.2.  C^HuO.  Calculated*^:  C  75.0;  H  10.8.  M  110.1. 

Semicarbazone:  m.p.  145-146*  (from  methanol). 

Methyl  Cyclohexyl  Ketone.  To  an  ether  solution  of  cyclohexylmagnesium  bromide,  prepared  from  3.4  g 
of  cyclohexylmagnesium  bromide,  was  added  an  ether  solution  of  0.5  g  of  carbon  suboxide.  Processing  of  the 
reaction  mixture  and  isolation  of  the  ketone  were  as  in  the  previous  case.  We  isolated  a  fraction  with  b.p.  64-65* 
(9  mm),  which  corresponds  to  literature  data  for  methyl  cyclohexyl  ketone  [7],  di*®  0.8910,  and  r^®D  1.4571.  The 
yield  was  0.6  g. 

Found‘d:  C  77.01;  H  12.64.  M  127.1.  CgHi40.  Calculated  *1^:  C  76.33;  H  12.67.  M  126.2. 

Semicarbazone:  m.p.  175-177*  (from  methanol). 
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Methyl  menthyl  ketone  was  obtained  analogously  to  the  previous  ketone  from  11.2  g  of  menthyl  chloride 
and  0.5  g  of  carton  suboxide. 

M.p.  147-148’  (19  mm),  ds*®  0.9381.  ii?®D  1.4900.  MRp  54.31;  calc.  54.52. 

Founder  C  78.82;  H  12.30.  M  183.19.  Ci,H„0.  Calculated‘S:  C  79.07;  H  12.10.  M  182.4. 

In  accordance  with  the  course  of  the  synthesis  and  the  data  presented  it  can  be  assumed  that  we  synthesized 
methyl  methyl  ketone.  The  yield  was  3.2  g(61‘S). 

Semlcarbazone:  m.p.  202-203*  (from  methanol). 

Methyl  bornyl  ketone  was  obtained  from  4.0  g  of  bornyl  chloride  and  0.5  g  of  carbon  suboxide  similarly 
to  the  previous  compound. 

B.p.  150-152*  (20  mm),  ds*®  0.9470.  n*®D  1.4503.  MRd  56.12;  calc.  56.64. 

Found'S:  C  79.30;  H  11.31.  M  180.9.  Ci,Hi,0.  Calculated'S:  C  79.95;  H  11.72.  M  180.4. 

In  accordance  with  the  course  of  the  synthesis  and  the  data  presented  it  can  be  assumed  that  we  synthesized 
methyl  bornyl  ketone.  The  yield  of  methyl  bornyl  ketone  was  0.76  g(58%). 

Semlcarbazone:  m.p.  195-196*. 

Methyl  menthyl  ketone  and  methyl  bornyl  ketone  are  not  described  in  the  literature. 

SUMMARY 

The  reaction  between  carbocyclylmagnesium  halides  (cyclohexylmagnesium  and  cyclopentylmagnesium 
bromides  and  methylmagnesium  and  bornylmagnesium  chlorides)  and  carbon  suboixde  proceeded  in  a  ratio  of 
one  molecule  to  one  molecule  and  led  to  the  formation  of  the  corresponding  methyl  ketones. 
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CONDENSATION  OF  ALDEHYDES  AND  KETONES 


V.  SYNTHESIS  OF  9-PHENYLPERHYDROACRIDINE  BY  THE  ACTION  OF 
FORMA MIDE  ON  PHENYLTRICYCLOHEXANOLONE 

M.  N.  Tilichenko  and  V.  G.  Kharchenko 
Saratov  State  University 


In  a  recent  communication  from  one  of  us  and  Vysotskii  [1]  a  description  was  given  of  the  action  of  for- 
mamide  on  tricyclohexanolone  (I),  which  is  the  simplest  representative  of  a  new  group  of  carbonyl -bridged 
ketols  synthesized  in  our  laboratory  by  diketone  condensation  of  cyclohexanone  with  aldehydes  [2-4]. 

When  heated  with  formamide,  ketol  (I)  first  isomerized  into  1,5-diketone  (III)  and  the  latter  then  reacted 
with  formamide  to  give  perhydro-(V)  and  lym  -octahydro-(VlI)  acridines  [1]. 


N 


Phenyltricyclohexanolone  (2-phenyl-3,4-tetramethylenebicyclo-[3,3,l]-nonanon-9-ol-4),  which  was 
readily  obtained  by  condensation  of  cyclohexanone  with  benzaldehyde  [3]  and  also  with  monobenzalcyclohexa- 
none  [3],  obeyed  the  same  rules  when  heated  with  formamide:  instead  of  the  normal  possible  hydroxyamine 
(VIII),  it  gave  an  almost  quantitative  yield  of  9-phenylperhydroacridine  (VI).  It  is  curious  that  here  we  did  not 


(VIM) 

drogen  liberated  (6.6  moles  was  collected  as  compared  with  the  theoretical  amount  of  7  moles). 

EXPERIMENTAL* 

Interaction  of  Phenyltricyclohexanone  (II)  with  Formamide.  We  present  a  description  of  a  typical  experi¬ 
ment:  20  g  of  phenyl  ketol  with  m.p.  207.5-208.5"  and  25  ml  of  formamide*  *  were  heated  in  a  round -bottomed 
flask  with  a  reflux  condenser  and  a  thermometer  reaching  almost  to  the  bottom  of  the  flask.  As  the  mixture  was 
heated,  there  was  a  voluminous  evolution  of  gas  bubbles  and  gradual  solution  of  the  ketol;  it  had  dissolved  com- 


observe  the  formation  of  the  corresponding  octahydroacridine,  as  was  the  case  with 
ketol  (I).  Whether  it  was  caused  by  the  effect  of  the  C5H5  group  or  some  difference 
in  the  reaction  conditions  has  not  been  determined  as  yet. 

The  structure  of  9-phenylperhydroacridine  was  confirmed  by  its  catalytic 
dehydrogenation  to  9-phenylacridine  by  Pd/C.  Although  it  required  a  comparatively 
high  temperature  (~320’),  the  reaction  proceeded  quite  smoothly  and  was  sufficiently 
quantitative  to  serve  as  an  identification  of  this  hydroacridine  by  the  volume  of  hy¬ 


*  With  the  participation  of  student  A.  N.  Karmashova. 

*  *See  [5]  for  preparation  method. 
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pletely  at  160*.  The  mixture  was  heated  at  160-170*  for  2  hours.  On  cooling  the  reaction  mixture  set  to  a 
slightly  greyish,  solid,  crystalline  paste.  Under  the  microscope  the  crystals  appeared  as  colorless,  ri^t  cubes. 
The  crystalline  product  was  sucked  off  on  a  glass  filter,  washed  several  times  with  water  and  dried  on  a  porous 
plate.  The  weight  of  the  air-dried  crystals,  which  corresponded  to  N-formyl-9-phenylperhydroacridine 
(CjjHuN  •  HCO),  was  18.6  g  and  they  had  m.p.  194-195*  (from  dioxane).  The  crystals  dissolved  in  alcohol,  ben¬ 
zene  and  dioxane  and  were  insoluble  in  water. 

Found  N  4.92,  4.85;  HCO  9.61.  CjoHitON.  Calculated  %:  N  4.71;  HCO  9.76. 

The  filtrate  was  combined  with  the  wash  waters  and  made  alkaline  with  a  50%  aqueous  solution  of  NaOH 
to  liberate  2  g  of  a  white  precipitate  corresponding  to  9-phenylperhydroacridiiK. 

9-Phenylperhydroacridine  (VI).  N-Formyl-9-phenylperhydroacridine  was  readily  hydrolyzed  by  heating  on 
a  water  bath  with  0.3  N  NaOH  in  alcohol;  dilution  with  water  precipitated  long,  colorless  platelets  of  the  free 
base.  The  m.p.  was  145-146*  (from  acetone).  The  2  g  of  9-phenylperhydroacridine  liberated  from  the  filtrate 
and  wash  waters  also  crystallized  from  acetone  in  the  form  of  long  platelets  with  m.p.  145-146*. 

Found  %:  C  85.41,  85.46;  H  10.48,  10.47;  N  5.51,  5.35.  M  287,  282.  CijHjyN.  Calculated  %:  C  84.75; 

H  10.07;  N  5.20.  M  269. 

The  picrate  was  readily  formed  by  mixing  hot  alcohol  solutions  of  the  base  and  picric  acid.  The  yellow 
crystalline  powder  had  m.p.  214-215*  (from  methanol). 

Found  %:  N  11.30,  10.92.  C,5H3o07N4.  Calculated  %;  N  11.05. 

Phthalylation.  0.35  g  of  base  in  2  ml  of  dioxane  was  mixed  with  0.3  g  of  phthalic  anhydride  in  5  ml  of 
dioxane.  The  slightly  turbid  mixture  was  heated  on  a  water  bath  until  it  cleared.  On  cooling,  the  solution  de¬ 
posited  a  voluminous  crystalline  precipitate,  which  was  collected,  washed  with  dioxane  and  dried  on  an  earthen¬ 
ware  plate.  The  yield  was  0.4  g  and  the  m.p.  245-246*  (from  dioxane). 

Found  %:  C  77.66,  77.85;  H  7.77,  7.83.  Cj^HjiCjN.  Calculated  %:  C  77.70;  H  7.43. 

Dehydrogenation  of  9-Phenylperhydroacridine  to  9-Phenylacridine.  3.35  g  of  base  and  1  g  of  Pd/C*  was 
heated”Tn  a  round-bottomed  flask  with  a  long  neck  attached  to  a  gasometer.  Hydrogen  evolution  began  at  266* 
and  was  complete  at  320*.  1.85  liter  of  hydrogen  (0*,  760  mm)  was  liberated  and  this  corresponds  to  0.083  mole 
of  Hj  as  compared  with  the  theoretical  amount  of  0.087  mole.  The  partly  sublimed  9-phenylacridine  deposited 
on  the  walls  of  the  flask  as  large,  green  prisms,  which  were  extracted  mechanically.  The  caked  mass  remainitg 
on  the  bottom  of  the  flask  was  extracted  with  ether.  The  extract  was  filtered  free  from  catalyst.  Evaporation  of 
the  ether  left  a  soft,  clear,  green  mass  containing  needlelike  crystals.  When  stirred  with  cold  alcohol,  the  mass 
became  a  granular  solid.  Recrystallization  from  alcohol  yielded  yellow,  needlelike  crystals.  The  m.p.  was 
179.5-180.5*.  A  mixture  with  authentic  9-phenylacridine,  synthesized  from  diphenylamine  and  bensic  acid  [7] 
melted  without  depression.  The  total  yield  of  9-phenylacridine  obtained  was  3  g  (95.2%). 

Found  %:  C  89.39,  89.44;  H  5.10,  5.23;  N  5.41,  5.62.  CijHisN.  Calculated  %:  C  89.41;  H  5.09;  N  5.49. 

SUMMARY 

1.  It  was  shown  that  the  action  of  formamide  on  phenyltricyclohexanolone  converted  the  latter  almost 
quantitatively  into  9-phenylperhydroacridine,  which  has  not  been  described  in  the  literature  previously. 

2.  It  was  shown  that  9-phenylperhydroacridine  was  almost  quantitatively  dehydrogenated  to  9-phenyl - 
acridine  in  the  presence  of  Pd/ C. 
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ULTRA  VIOLET -ABSORPT  ION  SPECTRA  OF  3  -  H  Y  D  ROX  Y  -  y  -  P  Y  RONE  DERIVATIVES 
G.  A  .  T olstikov 

Institute  of  Chemical  Sciences  Academy  of  Sciences  Kazakh  SSR 


There  Is  little  Information  In  the  literature  on  the  spectroscopy  of  y-pyrones  [1-3].  Oxonlum  compounds 
of  y-pyrones  have  been  studied  more  In  this  respect  [4-6].  The  absorption  spectra  of  y-pyrones  should  consist 
of  hlgh^lntensity  bands  characterizing  electron  transitions  In  a  conjugated  system  of  if  -bonds  (ifif^  transitions) 
and  low-intensity  bands  caused  by  a  p-/r#  transition  in  the  carbonyl  group. 

We  investigated  the  absorption  spectra  of  3 -hydroxy- y -pyrone,  comenic  acid,  ethyl  comenate,  ethyl 
methoxycomenate,  meconic  acid  and  its  diethyl  ester  and  diethyl  ethoxymeconate.  The  substances  were  purified 
by  repeated  recrystallizations  from  suitable  solvents  to  constant  melting  points.  The  absorption  spectra  were 
measured  on  an  SF-4  spectrophotometer  for  water,  ether  and  n-heptane  solutions.  The  concentrations  of  the 
heptane  solutions  were  10"*  M  and  of  the  water  and  ether  ones,  10"*  M.  We  paid  most  attention  to  establishing 
the  character  of  the  intramolecular  hydrogen  bonds  in  various  hydroxypyrone  derivatives  and  also  to  elucidating 
the  effect  of  solvents  on  their  absorption  spectra,  which  has  not  been  examined  at  all  in  previously  published 
work. 


To  eliminate  the  effect  of  hydroxyls  of  the  carboxyl  groups,  the  acids  were  esterified.  The  results  of  the 
measurements  are  presented  in  the  table  and  in  Figs.  1-4. 

On  the  basis  of  a  comparative  study  of  the  reactivity  of  the  hydroxyl  and  carboxyl  groups  in  meconic  (I) 
and  comenic  (II)  acids  and  hydroxypyrone  (III),  it  was  previously  shown  that  the  following  intramolecular  hydro¬ 
gen  bonds  existed  [7]: 
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Spectral  data  made  it  possible  to  study  this  problem  in  more  detail. 

As  is  known  the  formation  of  a  hydrogen  bond  is  accompanied  by  a  change  in  the  absorption  spectrum: 
the  If  ~if^  bands  of  electron  transitions  undergo  a  bathochromic  shift,  while  p-ir^  bands  are  shifted  in  the  opposite 
directions  [8-10]. 

In  most  cases  we  studied  the  shifts  of  n-ir^  bands,*  since  determining  the  position  of  the  absorption  maxima 
of  p-ff#  bands  involved  difficulties  due  to  the  masking  effect  of  the  high-intensity  n  bands.  The  presence  of 
an  intramolecular  hydrogen  bond  in  the  hydroxypyrone  molecule  forming  a  five-membered  ring  produced  a  shift 
in  the  tt  band  in  the  spectrum  in  heptane  solution  by  100  A*  in  comparison  with  methoxypyrone.  The  shift  in 

*  Later  on  we  will  consider  shifts  in  bands  in  the  region  of  200-300  m/j  for  comenic  and  meconic  acid  derivatives. 
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Fig.  1.  1)  Methoxypyrone  in  heptane, 
2)  the  same  in  water,  3)  hydroxypy- 
rone  in  heptane,  4)  the  same  in  water. 


Fig.  2.  1)  Comenic  ester  in  heptane,  2)  the  same 
in  water,  3)  the  same  in  diethyl  ester,  4)  meth- 
oxycomenic  ester  in  diethyl  ether,  5)  the  same  in 
water. 


the  band  of  the  ff  -tt#  transition  toward  longer  wavelengths  and  in  the  band  of  the  p-ir^  transition  in  the  opposite 
direction  led  to  the  latter  being  masked  by  the  strong  w  band  and  it  did  not  appear  in  the  spectrum. 

Alkylation  of  the  hydroxyl  group  excluded  participation  of  the  carbonyl  in  the  hydrogen  bond  and  due  to 
this  the  band  of  the  p-ir^  transition  was  expressed  so  clearly  in  the  spectrum  of  a  heptane  solution  that  a  vibration 
structure  appeared.* 

In  the  case  of  comenic  ester  and  its  methoxy  derivative,  the  shift  in  the  maximum  of  the  tt-tt  ^  band  was 
110  A*.  As  in  the  case  of  hydroxypyrone,  this  shift  was  caused  by  the  existence  of  an  intramolecular  hydrogen 
bond  in  the  comenic  acid  molecule,  joined  to  the  carbonyl  of  the  nucleus.  The  slightly  greater  value  of  the 
shift  in  comparison  with  that  for  hydroxypyrone,  however,  did  not  mean  that  the  hydrogen  bond  was  stronger  in 
comenic  acid.  This  problem  will  be  discussed  below.  The  band  of  the  p-ff#  transition  in  the  spectrum  of  a 
heptane  solution  of  comenic  ester  was  not  expressed  for  the  same  reason  as  in  the  case  of  hydroxypyrone. 

The  greatest  shift  in  a  tt  band  of  200  A*  was  observed  with  the  diethyl  esters  of  meconic  and  ethoxy- 
meconic  acids,  l.e.,the  strength  of  the  hydrogen  bond  in  meconic  acid  was  greater  than  in  the  case  of  hydroxy¬ 
pyrone  and  comenic  acid. 

The  shift  in  the  absorption  band  on  going  from  heptane  to  water  was  50  A*  for  ethyl  meconate,  i.e.  greater 
than  the  analogous  shifts  for  hydroxypyrone  and  comenic  ester.  This  is  only  possible  when  the  carbonyl  is  free 
from  intramolecular  interaction  and  forms  a  hydrogen  bond  with  water. 

•  The  average  difference  between  "peaks*  was  1226  cm“l. 
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Fig.  3.  1)  Meconic  ester  In  heptane, 

2)  the  same  in  water,  3)  ethoxymeconic 
ester  in  heptane,  4)  the  same  in  water. 


h. 


Fig.  4.  1)  Meconic  acid  in  96^ 
CjHjOH,  2)  comenic  acid  in  water. 


The  band  of  the  p-n^  transition  was  clearly  expressed  in  the  spectrum  of  a  heptane  solution  of  meconic 
ester,  indicating,  on  the  one  hand,  the  nonparticipation  of  the  carbonyl  in  the  intramolecular  hydrogen  bond 
and,  on  the  other  hand,  the  strong  acceptor  action  of  the  carbethoxy  groups  facilitating  the  transfer  of  the  unshared 
electrons  of  the  carbonyl  oxygen  to  the  w  "orbit.  The  diffuseness  of  the  bands  of  the  p-Tt^  transition  in  the  spec¬ 
trum  of  an  aqueous  solution  was  caused  by  interaction  of  water  with  the  carbonyl. 

The  presence  of  bathochromic  shifts  in  the  ff  -tt#  bands  on  going  from  heptane  to  aqueous  solutions  indi¬ 
cates  partial  rupture  of  the  intramolecular  bonds  by  water.  The  spectrum  of  an  aqueous  solution  of  comenic 
ester  showed  a  p-ir^  band,  which  was  absent  from  the  spectrum  of  a  heptane  solution.  Apparently,  due  to  its 
unshared  pair,  water  reacts  with  the  hydroxyl  of  comenic  ester.  The  carbonyl,  whose  negativity  is  strongly  re¬ 
duced,  is  largely  free  from  interaction. 

It  should  be  pointed  out  that  the  negativity  of  the  carbonyl  falls  strongly  in  the  series  hydroxypyrone  — 
comenic  acid  —  meconic  acid.  This  is  confirmed  by  the  values  of  the  shifts  in  the  if  -tt#  bands  in  going  from 
heptane  to  aqueous  solutions  of  alkoxy  derivatives.  These  shifts  respectively  equalled:  methoxypyrone  120  A*, 
methoxycomenic  ester  90  A*  and  ethoxymeconic  ester  60  A*. 

For  a  conclusive  demonstration  of  the  difference  in  the  affinities  of  the  hydroxyls  of  hydroxypyrone  and 
comenic  ester  for  carbonyl,  we  measured  the  absorption  spectra  of  their  solutions  in  diethyl  ether.  The  spectrum 
of  an  ether  solution  of  hydroxypyrone  almost  completely  coincided  with  the  spectrum  of  its  heptane  solution. 

In  the  case  of  comenic  ester,  there  was  a  bathochromic  shift  of  40  A*  in  going  from  heptane  to  ether  solu¬ 
tion.  This  was  apparently  the  result  of  interaction  of  the  diethyl  ether  oxygen  with  the  hydroxyl  of  comenic  ester. 

The  author  is  very  grateful  to  Yu.  A.  Kushnikov  for  valuable  advice. 

SUMMARY 

1.  The  ultraviolet  spectra  of  hydroxypyrone,  methoxypyrone,  comenic  acid,  the  ethyl  esters  of  comenic 
and  methoxycomenic  acids,  meconic  acid  and  its  diethyl  ester  and  diethyl  ethoxymeconate  in  neutral  and  polar 
solvents  were  measured. 
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2.  It  was  established  that  it  was  possible  to  write  the  following  series  according  to  the  fall  in  the  strength 
of  the  Intramolecular  hydrogen  bond:  meconic  acid  >  hydroxypyrone  >  comenic  acid. 
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OXIDATION  -  REDUCTION  SYSTEMS  FOR  INITIATION 
OF  RADICAL  PROCESSES 

X.  THE  MECHANISM  OF  ACTION  OF  OXIDATION  -  REDUCTION  SYSTEMS  INVOLVING  SO* 

E.  I.  Tinyakova,  B.  A.  Dolgoplosk  and  T.  P.  Zelenina 
Institute  of  High-Molecular  Compounds  Academy  of  Sciences  USSR 


The  dual  nature  of  SO|  makes  it  possible  to  use  this  substance  in  oxidation  —  reduction  systems  in  conjunc¬ 
tion  with  both  oxidants  (peroxides  and  hydroperoxides)  and  with  reductants  (mercaptans,  hydrogen  sulfide  and 
dienoles).  As  we  showed,  these  systems  may  be  used  for  the  initiation  of  radical  processes  in  hydrocarbon  media 
[1,2].  In  the  present  communication  we  present  experimental  data  making  it  possible  to  consider  the  mechanism 
of  action  of  this  type  of  system. 

a)  System  Containing  Isopropylbenzene  Hydroperoxide  and  SO^.  The  reaction  between  isopropylbenzene 
hydroperoxide  and  SO|  in  hydrocarbon  solutions  proceeds  at  a  very  great  rate  and  produces  rapid  gel  formation 
In  rubber  solutions  [1].  On  studying  this  reaction,  the  hypothesis  was  put  forward  that  structuralization  was  caused 
by  the  formation  of  free  radicals  in  an  intermediate  stage  in  the  reaction; 

1.  ROOH  +  SO,  -*•  RO*  +  KSOjH). 

The  character  of  the  intermediate  reaction  products  could  be  established  by  the  use  of  acceptors  capable 
of  interacting  with  free  radicals.  The  reaction  of  free  aliphatic  and  some  hetero  radicals  with  a-olefins  proceeds 
largely  through  addition  at  the  double  bond  with  the  formation  of  the  corresponding  products  [3,  4].  The  ‘(SOsH) 

()  o- 

radical  may  have  a  reactive  center  at  the  sulfur  atom  or  at  an  oxygen  atom  HO — .  In 

OH 

the  first  case  its  addition  to  an  olefin  leads  to  the  formation  of  a  sulfonic  acid  [equation  (2)]  and  In  the  second, 
to  the  formation  of  sulfo  esters  [equation  (3)]. 


2.  Gn2  =  CHX  SOgH  — ►  HOgSCHg-CHX, 

.OH 

3.  ch2  =  chx  f  o=s<  ^  HO2SOCH2— cnx. 

\o. 

These  and  other  groups  in  the  addition  products  are  determined  as  sulfonic  acids  by  titration  with  alkali. 

We  chose  styrene  as  a  free  radical  acceptor.  The  reaction  was  carried  out  at  0  and  -17*  with  excess  SO, 
(8-11  moles  of  SO,  per  mole  of  hydroperoxide).  To  avoid  the  formation  of  sulfuric  acid  (the  final  product  of 
SO,  oxidation),  a  solution  of  hydroperoxide  in  styrene  was  slowly  added  to  a  solution  of  SO,  In  styrene  so  that 
the  process  was  carried  out  with  a  constant  excess  of  SO,.*  The  reaction  was  performed  In  a  nitrogen  atmosphere 

•in  our  laboratory,  T.  N.  Kuren'gina  showed  that  when  the  reaction  was  carried  out  with  excess  hydroperoxide 
(gradual  addition  of  SO,  to  a  solution  of  isopropylbenzene  hydroperoxide  in  cumene)  a  very  small  amount  of 
H,S04  and  RSOgH  was  formed  and  as  is  known,  the  latter  produce  catalytic  decomposition  of  the  hydroperoxide  to 
phenol  and  acetone.  Phenol,  characterized  as  tribromophenol,  was  isolated  in  about  90%  yield.  The  reaction  was 
accompanied  by  complete  consumption  of  the  hydroperoxide;  the  bulk  of  the  SO,  was  recovered  unchanged. 
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TABLE  1 


Interaction  of  Isopropylbenzene  Hydroperoxide  with  SOj  in  Styrene  Solution 


Tem¬ 

perature 

Content  in  starting 
mixture  per  50  ml 
of  styrene  (mole) 

Yield  of 
polysul¬ 
fone 

(in  g) 

S  content 
of  polysul¬ 
fone  (in  %) 

No.  of 
moles  of 
SO2  reacted 
per  mole 
of hydro¬ 
peroxide 

No.  of  moles 
of  styrene 
per  mole  of 
SO2  in 
polysulfone 

SO3H  content 
of  polysul¬ 
fone  (in  %  of 
theoreti¬ 
cal) 

SO, 

hydro¬ 

peroxide 

0* 

0.055 

0.005 

12.8 

7.4 

6.15 

3.8 

68 

0 

0.050 

0.005 

13.8 

9.0 

7.8 

2.8 

99 

-17 

0.072 

0.009 

18.8 

10.1 

6.7 

2.4 

90 

•The  amount  of  SOsH  formed  according  to  reactions  (1)  and  (2)  was  taken  as  the  theoretical  value. 
TABLE  2 

Interaction  of  Isopropylbenzene  Hydroperoxide  with  SO2  in  Styrene  Solution  in  the  Presence  of 
Nitric  Oxide  (-IT) 


Expt. 

No. 

Content  in  starting  mix¬ 
ture  per  100  ml  of  styrene 
(mole) 

Yield 
of  poly¬ 
sulfone 
(in  g) 

SO2  found  (in  %  of  theoretical •  • ) 
in  the  form  of 

SO2 

hydro¬ 

peroxide 

H,S04 

RSO3H 

1 

0.144 

0.015 

0 

0 

15.9 

2 

0.236 

0.113 

0 

4.1 

37.2 

3 

0.30 

0.100 

0 

10.9 

37.1 

•  •As  the  theoretical  values  we  took  the  amount  of  RS08H  formed  according  to  equations  (1) 
and  (2)  and  the  amount  of  H2SO4  formed  according  to  the  equation  RO*  +  'SOsH  ROH  +  SOs. 

with  the  reaction  mixture  stirred  continuously.  The  Interaction  of  hydroperoxide  with  SO2  proceeded  at  a  great 
rate  and  was  accompanied  by  a  rise  in  temperature.  Even  after  the  addition  of  the  first  drops  of  hydroperoxide 
solution,  the  formation  of  a  white  precipitate  of  polysulfone  began.  At  the  end  of  the  process  the  reaction  mix¬ 
ture  was  a  solid  mass  of  polysulfone,  swollen  with  styrene  monomer.  Analysis  showed  complete  consumption  of 
the  hydroperoxide  and  the  absence  of  H2SO4  and  soluble  sulfonic  acids.  The  SO2  did  not  react  completely. 

The  polysulfone  obtained,  freed  from  unpolymerized  styrene  and  SO2,  appeared  as  a  white  powder,  which 
was  soluble  in  pyridine  and  a  mixture  of  pyridine  and  acetone,  but  Insoluble  in  aliphatic  and  aromatic  solvents. 
The  product  was  analyzed  for  sulfur  and  SO3H  group  content.  The  experimental  data  presented  in  Table  1  show 
that  there  were  2,5-3.5  moles  of  styrene  in  the  polysulfone  per  mole  of  SO2,  i.e.,the  polysulfone  obtained  was  a 
copolymer  of  styrene  and  SO2  similar  to  the  copolymers  formed  by  the  interaction  of  SO2  with  olefins  in  the 
presence  of  radical  polymerization  Initiators  [5,  6]. 

From  tlie  data  on  the  sulfur  content  and  the  weight  of  the  polysulfone  we  calculated  the  amount  of  SO2 
which  reacted.  In  most  experiments  6-8  moles  of  SO2  reacted  for  each  mole  of  hydroperoxide  introduced.  Con¬ 
sequently  only  about  of  the  SO2  which  reacted  was  consumed  in  initiation  under  the  chosen  conditions;  the 
rest  of  it  was  involved  in  the  process  due  to  the  chain  polymerization  reaction.  In  addition  to  SO21  SO3H  groups 
were  shown  to  be  present  in  the  polysulfone  and  their  content  was  70-100%  of  theoretical.  The  presence  of  SO3H 
groups  in  the  polysulfone  is  a  direct  indication  that  the  reaction  between  the  components  of  the  system  proceeded 
with  the  formation  of  •(SO3H)  free  radicals.  The  radical  chain  character  of  polysulfone  formation  was  demon¬ 
strated  by  the  inhibiting  action  of  nitric  oxide  on  this  process.  When  the  reaction  was  carried  out  under  the  same 
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TABLE  3 


Content  of  Trichlorothiophenol  and  SO|  Fragments  In  Polymer  In  Rela¬ 
tion  to  the  Composition  of  the  Starting  Mixture 


Experimental 

RSH:  SO, 
in  starting 

Content  in  polymer 
(in  moles) 

Remarks 

conditions 

mixture 
(In  moles) 

RSH 

SO, 

In  a  nitrogen 
medium 

1:  33 

0.055 

0.02 

Gel 

The  same 

1: 104 

0.035 

0.105 

The  same 

In  the  presence 
of  nitric  oxide 

1:  35 

0.0117 

0.0008 

No  gel.  The 
polymer 
contained 
0.64% 
nitrogen 

conditions  with  nitric  oxide  passed  through  the  solution  continuously,  the  hydroperoxide  was  consumed  completely 
but  no  poiysulfone  was  formed.  The  reaction  product  was  a  mixture  of  sulfonic  acids  and  sulfuric  acid  (see 
Table  2). 

Nitric  oxide  reacted  quantitatively  with  free  radicals  with  a  reaction  center  at  a  carbon  atom,  which  led 
to  complete  suppression  of  the  chain  process  of  poiysulfone  formation.  In  the  case  of  radicals  of  the  type  RO* 
or  *(SO|H),  formed  by  reaction  of  hydroperoxide  with  SOj,  the  reaction  with  NO  is  less  probable  due  to  the  low 
energy  of  the  O-N  and  S-N  bonds.  This  apparently  explains  the  fact  that  *(S03H)  radicals  were  not  quantitatively 
trapped  and  due  to  this  considerable  amounts  of  sulfonic  acids  (products  of  the  addition  of  SO3H  to  styrene)  were 
found  in  the  reaction  products. 

b)  System  Containing  SO3  and  Trichlorothiophenol.  It  was  shown  previously  that  the  reaction  between 
trichlorothiophenol  and  SO3  produces  the  vulcanization  of  rubbers  at  low  temperatures  [2].  The  structuralization 
of  rubbers  was  accompanied  by  the  addition  of  trichlorothiophenol  and  SO3  fragments  to  the  unsaturated  polymer 
chain.  It  was  proposed  that  the  initiation  of  polymer  structuralization  was  connected  with  the  formation  of  free 
radicals  [2]. 


Cl 

l_ 

.(S02lI)  +  .S-C^_ 
Cl 


In  the  present  work  we  studied  the  structuralizing  action  of  this  system  on  solutions  of  the  butadiene  rubber 
SKB  at  room  temperature  with  various  ratios  of  SO3  and  trichlorothiophenol  and  the  effect  of  nitric  oxide  on  this 
process.  The  process  was  characterized  by  the  effect  of  gel  formation  and  the  content  of  trichlorothiophenol  and 
SO3  fragments  in  the  polymer  at  the  end  of  the  reaction.  Data  presented  in  Table  3  show  that  trichlorothiophenol 
was  involved  in  the  process  much  more  than  corresponded  to  its  molar  content  in  the  starting  mixture  with  SO|. 
Even  with  a  considerable  excess  of  SO3  in  the  mixture  (33  moles  per  mole  of  thiophenol),  the  gel  contained  more 
trichlorothiophenol  than  SO2  and  the  amount  of  SO3  added  exceeded  the  amount  of  trichlorothiophenol  added  only 
at  a  very  large  excess  of  SO3  (104  moles  per  mole  of  trichlorothiophenol).  Primary  radicals  A*,  formed  by  inter¬ 
action  of  trichlorothiophenol  (RSH)  with  SO3  (according  to  equation  4),  added  to  the  C  =  C  bond  and  then  a  chain 
process  began  which  was  characterized  by  two  competing  reactions 
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A 


_C-C~+  RS. 
A  H 


-C-C~ 

*  '5/ 
Ho 


The  first  reaction  led  to  the  addition  of  the  mercaptan  to  the  chain  and  the  seond  one,  to  the  formation  of 
sulfones.  The  results  obtained  indicate  that  the  reaction  proceeded  mainly  in  the  first  direction,  which  agrees 
with  the  particular  tendency  of  mercaptans  (especially  thiophenols)  toward  chain  transfer  acts. 


No  gel  was  formed  when  the  reaction  was  carried  out  under  the  same  conditions  in  the  presence  of  nitric 
oxide.  The  polymer  isolated  contained  considerably  less  mercaptan  and  hardly  any  SO].  The  chain  stage  of 
trichlorophenol  and  SOj  addition  was  apparently  suppressed  completely. 


RS.  t  ~CH=CH~ 


-cii— CM  ~-= — CH~ 

I  I  I 

SR  SR  NO 


After  the  reaction,  the  polymer  was  found  to  contain  1.28% of  bound  nitric  oxide  (on  nitrogen).  The  ex¬ 
perimental  data  obtained  show  that  the  reaction  between  SOj  and  trlchlorothiophenol,  leading  to  structural ization 
of  the  unsaturated  polymers,  is  accompanied  by  addition  of  trlchlorothiophenol  and  SO*  to  the  polymer  chain 
with  a  large  number  of  trlchlorothiophenol  molecules  added  for  each  molecule  of  SOj  reacting.  The  radical 
chain  character  of  the  reaction  is  also  confirmed  by  the  inhibiting  action  of  nitric  oxide  on  this  process  and  its 
addition  to  tlie  polymer  chain. 


EXPERIMENTAL 

The  styrene  was  freed  from  stabilizer  (hydroquinone)  by  washing  with  5%NaOH  solution  and  water  and 
vacuum  distillation  after  drying  over  calcium  chloride.  The  Isopropylbenzene  hydroperoxide  was  purified  through 
the  sodium  salt.  The  product  isolated  contained  99.0%  of  hydroperoxide. 

Analysis  Procedures.  The  isopropylbenzene  hydroperoxide  was  determined  lodometrically  after  removal  of 
the  SOj  from  the  system. 

The  soluble  sulfonic  acids  and  sulfuric  acid  were  determined  in  the  presence  of  each  other  by  a  procedure 
based  on  the  different  solubilities  of  the  aniline  salts  of  sulfuric  acid  and  sulfonic  acids  [7]. 

The  SO3H  group  content  of  the  polysulfone  was  determined  by  titrating  a  sample  of  polysulfone  (about  1  g) 
dissolved  in  a  mixture  of  pyridine  and  acetone  with  a  0.1  N  alcohol  solution  of  NaOH  in  the  presence  of  phenol- 
phthalein. 


SUMMARY 

1.  It  was  shown  that  the  reaction  between  Isopropylbenzene  hydroperoxide  and  SO2  in  styrene  solution  was 
accompanied  by  the  formation  of  polysulfone.  Nitric  oxide  completely  inhibited  this  process.  An  examination 
of  the  products  from  the  interaction  of  hydroperoxide  with  SOj  in  styrene  in  the  presence  of  nitric  oxide  and  with¬ 
out  it  showed  that  the  reaction  proceeded  through  the  stage  of  ‘(SOsH)  radicals,  which  reacted  with  monomers 

to  form  sulfonic  acids. 

2.  It  was  shown  that  the  reaction  between  SOj  and  trlchlorothiophenol,  which  led  to  structuralizatlon  of 
unsaturated  polymers,  proceeded  by  a  chain  mechanism  and  was  accompanied  by  the  addition  of  trichlorothio - 
phenol  and  SOj  to  the  unsaturated  polymer  chain.  Nitric  oxide  inhibited  this  process. 
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CONVERSIONS  OF  XYLENOLS  ON  AN  ALUMINOSILICATE  CATALYST 


n.  CONVERSION  OF  1,2,4-  and  1,3, 4 -XYLENOLS* 

N.  N.  Vorozhtsov  II.  and  V.  N.  Lisitsyn 
D.  I.  Mendeleev  Chemlcotechnological  Institute  Moscow 

When  passed  over  an  aluminosilicate  catalyst.  l,2,4-,and  1,3,4-xylenols  (like  1,3,5-xylenol)  were  partially 
converted  into  a  mixture  of  cresols  and  phenol  and  partially  into  substances  of  a  neutral  character  which  began 
to  boil  at  113*.  As  in  the  case  of  1,3,5-xylenol  [1],  toluene  was  not  detected  in  the  reaction  products.  In  this 
case  the  neutral  products  consisted  of  xylene  and  trlmethylbenzene  isomers  and  neutral  substances  with  b.p.  above 
185*.  Carrying  out  the  reaction  in  a  stream  of  hydrogen  chloride  led  to  an  increase  in  the  amount  of  the  phenol- 
cresol  fraction  and  a  decrease  in  the  amount  of  neutral  substances. 

Conversion  of  a  solution  of  1,2,4-  (or  1,3,4-)  xylenol  in  benzene  over  an  aluminosilicate  catalyst  at  350-450* 
yielded  phenols  and  cresols  and  also  neutral  compounds  with  b.p.  over  100*.  It  was  established  that  the  neutral 
products  contained  the  same  substances  (toluene,  o-,  m-  and  p-xylenes,  pseudocumene,  mesltylene,  durene  and 
substances  with  b.p.  over  200*)  as  in  the  case  of  1,3,5-xylenol  fl]. 

Comparison  of  the  effects  of  contact  temperature  and  time  on  the  conversion  of  J.,3,5-xylenol  and  1,2,4- 
and  1,3,4-xylenols  in  benzene  solution  showed  that  with  an  increase  in  contact  temperature  from  350  to  450*  the 
amount  of  the  phenol -cresol  fraction  decreased  in  all  cases,  while  both  the  amount  of  neutral  compounds  with 
b.p.  above  100“  (including  toluene)  and  the  amount  deposited  on  the  catalyst  increased.  An  increase  in  the  con¬ 
tact  time  had  an  effect  analagous  to  that  of  raising  the  temperature. 

The  results  we  obtained  on  the  conversion  of  1,3,5-  1,2,4-  and  1,3,4-xyIeuols  make  it  possible  to  consider 
their  possible  conversion  routes  over  an  aluminosilicate  catalyst  at  350-450*. 

Evidently  the  main  reactions  were  disproportionation  and  isomerizations  (I),  described  by  American  inves¬ 
tigators  for  cresols  and  xylenols  over  an  aluminosilicate  catalyst  [2],  and  also  the  reduction  of  phenol  and  homo¬ 
logs  (II). 

2(C!l3)2f\,H30H  CIl3('.<,H401I -f  (CH;,)3r.flll2(HI, 

(CH3)2C6nMOH  (CIl3)2Con4. 

The  addition  of  benzene  led  to  a  competing  reaction,  the  transfer  of  a  methyl  group  of  a  phenol  homolog 
to  a  benzene  molecule  (IK). 

(0113)2^113011  -f-ColIe  CllaColUOIl  1-C„n5(:il3. 

«> 

Evidently  the  dealkylation  of  phenol  homologs  occurred  first  and  then  their  reduction.  With  an  increase  in 
the  reaction  temperature  the  rate  of  reduction  of  phenol  homologs  leading  to  the  formation  of  benzene  homologs 
increased  much  more  rapidly  than  the  rate  of  dealkylation  of  phenol  homologs. 

*The  carbon  atom  bearing  the  hydroxyl  group  is  given  the  number  1. 
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TABLE  1 


Obtained  (in  %of  original 

1,3,5 -Xylenol 

1,3,4-Xylenol 

1,2,4-xylenol 

xylenol) 

350* 

400* 

450* 

350* 

400* 

450* 

300* 

400* 

450* 

Phenolic  compounds 

21.8 

11.1 

7.0 

23.7 

12.7 

10.0 

22.1 

14.0 

2.7 

Including  phenol -creiol  fraction 
with  b.p.  180-210* 

8.1 

9.1 

5.4 

16.2 

11.8 

8.0 

10.0* 

7.4 

2.2 

Neutral  substances  with  b.p.  above 
100* 

30.1 

36.0 

44.7 

16.7 

23.9 

27.6 

28.8 

35.5 

38.1 

Including  toluene 

3.3 

5.4 

10.6 

1.1 

3.5 

5.5 

4.7 

6.6 

10.2 

Deposited  on  catalyst 

25.7 

31.6 

35.0 

24.1 

25.6 

41.7 

27.7 

29.0 

33.1 

Xylenol  converted*  * 

86.3 

98,0 

98.4 

92.5 

99.1 

98.0 

87.9 

93.4 

99.5 

•in  the  case  of  1,2,4-xylenol  a  fraction  with  b.p.  180-203*  was  collected. 

•  ‘In  experiments  with  1,3,5-  and  1,2,4-xylenols  thejcontact  time  was  85-05  sec.  and  in  experiments  with 
1,3,4-xylenol,  110  sec. 


TABLE  2 


Obtained  (in  %  of  original 
xylenol) 

1,3,5-Xylenol 

1,3,4-Xylenol 

1,2,4-Xylenol 

22  sec 

31-35  sec 

87-95  sec 

23-27  sec 

36  sec 

110  sec 

22-24  sec 

65  sec 

85  sec 

Phenolic  compounds 

33.6 

20.2 

7.0 

44.7 

16.9 

10.0 

41.1 

29.1 

2.7 

Including  phenol -cresol  fraction 

with  b.p.  180-210* 

17.1 

13.6 

5.4 

19.9 

10.9 

8.0 

16.8* 

11.6 

2.2 

Neutral  substances  with  b.p.  above 

100* 

43.0 

49.5 

44.7 

28.6 

36.4 

27.6 

34.5 

35.1 

38.1 

Including  toluene 

3.1 

7.7 

10.6 

4.0 

2.7 

5.6 

2.1 

2.6 

10.2 

Deposited  on  catalyst 

11.2 

20.1 

35.0 

11.9 

19.7 

41.7 

9.4 

19.6 

33.1 

Xylenol  converted 

83.5 

93.4 

98.4 

75.2 

94.0 

98.0 

75.7 

82.4 

99.5 

•  In  the  case  of  1,2,4-xylenol  a  fraction  with  b.p.  180-203*  was  collected. 

Thermodynamic  calculations  showed  that  analogous  reactions  occurred  in  the  conversion  of  cresols  under 
other  conditions  also  (500-650*  and  a  hydrogen  pressure  of  70  atm)  [3). 

Transfers  of  an  alkyl  group  in  benzene  derivatives  have  been  described  in  the  literature.  It  has  been  re¬ 
ported  that  an  isopropyl  group  is  transferred  from  a  diisopropylbenzene  molecule  to  a  benzene  molecule  under 
the  action  of  activated  clays  [4].  Under  the  action  of  aluminosilicate  at  a  temperature  of  not  more  than  450’ 
an  ethyl  (isopropyl)  group  is  transferred  from  a  diethyl-(diisopropyl)-benzene  molecule  to  a  benzene  molecule 
[5].  Smitt  described  the  transfer  of  alkyl  groups  (tert  -butyl  and  tert  -amyl)  from  a  p-alkylphenol  molecule  to 
a  benzene  molecule  in  the  presence  of  aluminum  chloride  [6].  The  transfer  of  a  methyl  group  from  a  xylene 
molecule  to  a  benzene  molecule  on  aluminosilicate  has  been  described  by  Hansford,  Myers  and  Sachanen  [7]. 

A  series  of  investigations  have  recently  been  published  by  A.  V.  Topchiev,  Yu.  G.  Mamedaliev  and  G.  M. 
Mamedaliev  et  al.  [8]  on  the  dealkylation  of  xylenes  and  polymethylbenzenes  and  the  conjugated  alkylation  of 
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benzene  and  toluene  in  the  presence  of  a  synthetic  aluminosilicate  catalyst.  They  showed  that  under  the  action 
of  this  catalyst  a  methyl  group  was  transferred  from  a  xylene  (or  polymethylbenzene)  molecule  to  a  benzene 
(toluene)  molecule  with  the  formation  of  toluene  (or  xylenes). 

Our  investigations  on  the  interaction  of  xylenols  with  benzene  on  an  aluminosilicate  catalyst  demonstrate 
the  possibility  of  the  transfer  of  a  methyl  group  from  the  molecule  of  phenolic  compounds  also  to  a  benzene 
molecule. 


EXPERIMENTA  L 

Starting  Materials.  1,2,4-Xylenol  was  obtained  from  1 .2,4-xylldine  by  the  procedure  described  fo:  the 
preparation  of  m-cresol  from  m-toluldine  [9]  and  had  b.p.  209.0-209.5*  (747  mm)  and  m.p.  23.6*. 

1 ,3,4-Xylenol  was  pure-grade  (Kharkhov  Chemical  Reagent  Factory)  and  had  b.p.  225*  (760  mm)  and 
m.p.  59.5-60.3*. 

Benzene  and  the  aluminosilicate  catalyst  and  also  the  experimental  procedure  treatment  and  identification 
of  products  were  the  same  as  in  [1]. 

Conversion  of  1,2,4-Xylenol  over  an  Aluminosilicate  Catalyst.  During  3  cycles  (3  hours  each)  96.7  g  of 
1 ,2,4-xylenol  was  passed  over  the  catalyst  at  350*.  The  contact  time  was  73.8  sec.  The  increase  in  weight  of 
the  catalyst  was  17.4  g  (18.270).  Treatment  of  the  catalyzate  (70.2  g)  yielded  26.4  g  of  phenols  and  16.4  g  of 
neutral  substances.  Distillation  of  the  phenols  yielded  the  fractions:  1st  b.p.  180-198*,  6.8  g;  2nd  b.p.  198-203*, 
4.7  g:  3rd  b.p.  203-211*,  4.0  g;  4th  b.p.  211-217*,  6.3  g:  residue  5.6  g. 

The  infrared-absorption  spectra  of  the  1st  and  2nd  fractions  were  plotted  and  it  was  established  that  the 
1st  fraction  contained  o-cresol  (absorption  Xfpax  ^3*37  p);  and  a  small  amount  of  phenol  (Xf^a^  9«29  p);  the 
2nd  fraction  contained  m-cresol  ('Xj^ax  12.96  fi)  and  p-cresol  (X^ax  12.34  /i). 

Distillation  of  the  neutral  substances  yielded  fractions:  1st  b.p.  113-150*,  4.0  g;  2nd  b.p.  150-185*,  3.1  g; 
residue  9.3  g. 

Nitration  of  the  1st  fraction  [10]  yielded  light-yellow  needles  with  m.p.  180-180.5*.  A  mixed  melting 
point  with  2,4,6-trinitro-m-xylene  (m.p.  182*)  was  not  depressed.  Nitration  of  the  2nd  fraction  yielded  a  light- 
yellow  substance  with  m.p.  169-171*  which  corresponded  in  composition  to  trinitrotrlmethylbenzene  (prisms  of 
trinitropseudocumene  and  needles  of  trlnitromesitylene  were  clearly  visible  under  the  microscope). 

Found  7o:  N  16.65,  16.78.  CaHgOgNj.  Calculated  7o:  N  16.47. 

Conversion  of  a  Solution  of  1,2,4-Xylenol  in  Benzene  over  an  Aluminosilicate  Catalyst.  During  4  cycles 
(3  hours  each)  at  350*  with  a  contact  time  of  64.1  sec,  62.0  g  of  1 ,2,4-xylenol  and  113.5  g  of  benzene  were 
passed  over  the  aluminosilicate  catalyst.  The  increase  in  weight  of  the  catalyst  was  9.1  g  (14.77o).  Treatment 
of  the  catalyzate  (158.5  g)  yielded  23.2  g  of  phenols,  104.5  g  of  unchanged  benzene  and  14.7  g  of  neutral  sub¬ 
stances  with  b.p.  above  100*. 

Distillation  of  the  phenols  yielded  the  following  fractions:  1st  b.p.  183-203*,  9.2  g  (14. 9%);  2nd  b.p.  203- 
211*,  8.9  g(14.37o):  3rd  b.p.  211-217*,  2.3  g  (3.87o):  residue  2.8  g. 

Plotting  the  infrared-absorption  spectra  of  the  1st  fraction  showed  the  presence  of  o-,  m-  and  p-cresols 
(absorption  with  X^ax  13.37,  12.98  and  12.34  p,  respectively)  and  a  small  amount  of  phenol '(X max  9*29  ^). 

The  m-cresol  content  of  the  1st  fraction  was  20.77o(by  Raschig's  method). 

Distillation  of  the  neutral  substances  yielded  fractions:  1st  b.p.  100-113*,  1.6  g(2.57o):  2nd  b.p.  113-147*, 
2.0  g  (3.37o):  3rd  b.p.  147-185*,  0.6  g  (l.l7o):  residue  10.5  g. 

Nitration  [10]  of  0.2  g  of  the  1st  fraction,  which  contained  toluene,  yielded  0.28  g  of  light-yellow  needles 
with  m.p.  70.0-70.5*.  A  mixed  melting  point  with  2,4-dlnitrotoluene  was  not  depressed. 

The  2nd  fraction  was  oxidized  with  potassium  permanganate  by  the  procedure  of  Moldavskli  et  al.  [11]. 
Phthalic  anhydride  with  m.p.  130*  (m.p.  131.6*  in  the  literature)  was  isolated.  The  dimethyl  esters  of  terephthallc 
and  Isophthalic  acids  (m.p.  136.5-138*  and  55-56*,  respectively)  were  obtained.  Mixed  melting  points  with 
authentic  compounds  were  not  depressed. 
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TABLE  3 


1.2,4-Xi 

^lenol 

1,3 ,5-Xylcnol 

Obtained  (in  %  of  original  material) 

Wltl'fOift  1 

HCl 

(nan  HCl 
atmrephcre 

in  an  HCl 
atmosphere 

C.T,* 

73.3  aec.  1 

C.T. 

67,8  sec. 

C.T. 

40.7  sec-. 

Phenolic  compounds 

27.6 

43.5 

34.4 

42.5 

Including  phenol-cresol  fraction  with 

b.p.  180-203* 

10.1 

16.4 

3.4 

4.2 

Phenol-cresol  fraction  (in  *7>  of 
xylenol  reacted) 

12.5 

22.5 

4.4 

6.1 

Neutral  compounds 

17.1 

15.3 

40.0 

27.4 

Deposited  on  catalyst 

18.2 

13.8 

13.1 

1.5.6 

Xylenol  converted 

82.5 

72.9 

77.1 

69.2 

*C.T.  equals  contact  time. 


Nitration  of  the  3rd  fraction  yielded  a  light -yellow  substance  with  m.p.  166-168*,  which  corresponded 
to  trinitrotrimethylbenzene  in  composition. 

Found  N  16.52,  16.33.  C,H^,Nj.  Calculated*^:  N  16.47. 

Conversion  of  1,3,4-Xylenol  in  Benzene  Solution  over  an  Aluminosilicate  Catalyst.  During  6  cycles  (3 
hours  each)  at  400*  and  with  a  contact  time  of  110  sec.,  32.0  g  of  1,2,4-xylenol  dissolved  in  112.6  g  of  benzene 
was  passed  over  the  aluminosilicate  catalyst.  The  increase  in  weight  of  the  catalyst  was  8.2  g  (25.6*^).  Treat¬ 
ment  of  the  catalyzate  (116.4  g)  yielded  4.1  g  of  phenols,  93.0  g  of  unchanged  benzene  and  7.7  g  of  neutral 
substances  with  b.p.  above  100*. 

On  distilling  the  phenols  from  a  Favorskii  flask,  we  collected  fractions:  1st  b.p.  183-203*,  2.0  g  (6.3*^^); 

2nd  b.p.  203-210*,  1.8  g  (5.5*70);  residue  0.3  g. 

Distillation  of  the  neutral  substances  yielded  fractions:  1st  b.p.  100-113*,  1.1  g  (3.5*7o);  2nd  b.p.  113-147*, 
1.7  g(5.2*ife);  3rd  b.p.  147-185*,  1.8  g  (5.5*70);  residue  3.1  g. 

The  1st  fraction  contained  toluene  and  yielded  2,4-dinitrotoluene  with  m.p.  70.2-70.4*  on  nitration.  Oxi¬ 
dation  of  the  2nd  fraction  with  potassium  permanganate  yielded  phthallc  anhydride  with  m.p.  127.5-128.5*  and 
also  terephthalic  and  isophthalic  acids,  from  which  we  obtained  dimethyl  esters  with  melting  points  139-140* 
and  62-64*,  respectively.  Mixed  melting  points  with  authentic  compounds  were  not  depressed.  Nitration  of  the 
3rd  fraction  gave  trinitromesitylene  in  the  form  of  needles  with  m.p.  230-231*  and  trinitropseudocumene  in  the 
form  of  prisms  with  m.p.  181-182*.  Mixed  melting  p>oints  with  authentic  trinitromesitylene  (m.p.  232*)  and  tri¬ 
nitropseudocumene  (m.p.  185*)  were  not  depressed. 

Effect  of  Temperature  on  Conversion  of  Xylenols.  Experiments  were  carried  out  at  350,  400  and  450*  in 
the  presence  of  benzene.  The  results  are  presented  in  Table  1. 

Effect  of  Volume  Rate  on  Conversion  of  Xylenols.  Experiments  were  carried  out  at  450*  in  the  presence 
of  benzene  with  contact  times  of  from  22  to  110  sec.  The  results  are  given  in  Table  2, 

Conversion  of  Xylenols  in  a  Hydrogen  Chloride  Atmosphere.  During  2  cycles  (3  hours  each)  30.8  g  of  1,2,4- 
xylenol  was  passed  over  the  catalyst  at  350*  with  the  simultaneous  input  of  hydrogen  chloride  at  a  rate  of  40 
ml/min.  Processing  the  catalyzate  (28.4  g)  yielded  13.4  g  of  phenols  and  4.7  g  of  neutral  substances. 

Distillation  of  the  phenols  yielded  the  following  fractions:  1st  b.p.  183-203*,  5.0  g  (16.4*70);  2nd  b.p. 
203-211*,  2.7  g  (8.8%);  3rd  b.p.  211-217*,  2.5  g  (7.9*70);  residue  3.2  g. 

Distillation  of  the  neutral  substances  yielded  fractions:  1st  b.p.  115-130*,  0.4  g(1.3*7o);  2nd  b.p.  130-150*, 
0.6  g  (2.0*7o):  3rd  b.p.  150-185*,  0.7  g  (2.27o);  residue  3.0  g. 

An  experiment  on  the  conversion  of  1,3,5-xylenol  in  the  presence  of  benzene  in  an  atmosphere  of  hydrogen 
chloride  was  carried  out.  The  results  are  presented  in  Table  3. 
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SUMMARY 


1.  When  passed  over  an  aluminosilicate  catalyst  In  the  presence  of  benzene  and  In  Its  absence,  1,2,4- 
and  1,3,4-xylenols  underwent  conversions  analogous  to  1,3,5-xylenol. 

2.  The  effect  of  temperature,  volume  rate  and  the  addition  of  hydrogen  chloride  on  the  conversion  of 
xylenols  was  demonstrated. 

3.  Possible  routes  were  put  forward  for  the  conversion  of  xylenols  over  an  alpmlnoslllcate  catalyst  at 
360-460*. 
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A  CONTRIBUTION  TO  THE  STUDY  OF  OXIDATIVE  NITRATION 
OF  AROMATIC  COMPOUNDS 

III.  OXIDATIVE  NITRATION  OF  ACETOXYM£RCURI-p- XYLENE 
P.  I.  Petrovich 

K.  E.  Voroshilov  Scientific  Research  Institute  of  Organic  Intermediates  and  Dyes 


The  conversion  of  aromatic  compounds  into  nitrophenols  under  the  action  of  a  mixture  of  mercury  nitrate 
and  nitric  acid  of  medium  concentration  proceeds  through  the  formation  of  arylmercury  nitrates  and  nitroso  deriv¬ 
atives.  According  to  Titov  and  Laptev,  the  latter  are  converted  into  nitrophenols  through  hypothetical  p-hydroxy- 
arylhydroxylamines  and  p-nitrosophenols  and  partially  through  aryldiazonium  nitrates  and  phenols  [1]. 

On  treating  p>xylene  with  51%  nitric  acid  in  the  presence  of  mercury  nitrate  at  28”,  we  did  not  find  an 
appreciable  amount  of  the  expected  nitrophenols  [2].  Nitrophenols  were  not  obtained  either  by  the  action  of  58% 
nitric  acid  on  acetoxymercuri-p-xylene  at  20,  40  or  50*. 

Subsequent  investigations  showed  that  temperature  had  a  determining  effect  on  the  reaction.  We  were  able 
to  obtain  dlnitro-p-xylenol  by  oxidative  nitration  of  acetoxymercuri-p-xylene  and  also  p-xylene  at  low  tempera¬ 
ture  only. 

The  action  of  58%  nitric  acid  containing  oxides  of  nitrogen  at  2-4*  on  acetoxymercuri-p-xylene,  obtained 
by  direct  mercuratlon  of  p-xylene  with  mercuric  acetate,  gave  a  23.8%  yield  of  dinitro-p-xylenol,  which  was 
identical  with  the  x,x-dinitro-2-hydroxy-p-xylene  described  in  the  literature  [3]. 

When  a  reaction  mixture  obtained  under  analogous  conditions  was  kept  at  20-22*  for  16  hours,  the  nitro¬ 
phenols  decomposed  and  dark  colored,  tarry  products  were  formed.  The  latter  apparently  explains  the  absence 
of  appreciable  amounts  of  nitrophenols  from  the  reaction  products  in  the  oxidative  nitration  of  p-xylene  at  28* 
and  acetoxymercuri-p-xylene  at  20-50*  and  of  m -xylene,  carried  out  by  Kholevo  and  Eitingon  at  the  boiling 
point  and  at  75*  [4]. 

Treatment  of  p-xylene  at  3-5*  with  a  mixture  of  mercury  nitrate  and  nitric  acid  of  medium  concentration 
in  the  presence  of  acetic  acid  and  ligroin,  added  to  lower  the  freezing  point  of  the  p-xylene,  yielded  the  x,x- 
dinitro-2-hydroxy-p-xylene  mentioned  above.  The  identity  of  the  latter  with  3,5-dinitro-2-hydroxy-p-xylene 
was  demonstrated  by  its  synthesis  by  nitration  of  p-xylenol  and  5-nitro-2-hydroxy-p-xylene. 

However,  the  problem  of  whether  the  dinitro-p-xylenol  was  formed  through  p -hydroxy -p-xylylhydroxyl - 
amine  and  5-nltroso-2-hydroxy-p-xylene  or  through  p-xylyldiazonium  nitrate  remained  unsolved.  This  problem 
could  be  solved  by  a  tracer  method,  for  example. 

EXPERIMENTAL 

Acetoxymercurl-p-xylene.  A  mixture  of  318.5  g  of  p-xylene  and  63.7  g  of  mercury  acetate  was  heated 
to  boiling  over  a  period  of  50  minutes  under  reflux  and  with  stirring,  then  boiled  for  5  minutes  and  gradually 
cooled  to  25*  over  1  hour.  After  removal  of  the  precipitate  of  polymercurated  compounds  (9.5  g)  by  filtration 
and  the  p-xylene  by  steam  distillation,  the  residue  in  the  flask  was  diluted  with  water,  cooled  in  ice  and  filtered. 
We  obtained  57.1  g  of  acetoxymercuri-p-xylene  (78.3%  calculated  on  mercury)  with  m.p.  112-113*.  The  fine, 
colorless  crystals  (from  dilute  acetic  acid)  had  m.p.  114.2-114.7*. 
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Found  %;  C  32.62,  32.36;  H  3.19,  3.10;  Hg  66.0,  66.06.  CioHi,OiHg.  Calculated  C  32.92;  H  3.22; 

Hg  64.99. 

The  product  was  soluble  in  alcohol,  acetic  acid,  acetone  and  benzene  and  less  so  In  water. 

Chloromercuri-p-xylene.  This  product  was  obtained  by  treating  a  solution  of  acetoxymercurl-p-xylene 
in  p-xylene  with  a  saturated  solution  of  sodium  chloride. 

The  colorless  needles  (from  benzene  and  alcohol)  had  m.p.  184.8-186.6*;  a  mixture  of  this  with  chloro- 
mercurl-p-xylene  (m.p.  186.2-186.6*),  obtained  from  pure  p-xylidine  by  the  diazo  method  [6],  had  m.p.  186.0- 
186.6*.  63.1  g  of  p-xylidine  hydrochloride,  120  ml  of  concentrated  hydrochloric  acid,  120  g  of  ice,  32.3  g  of 
sodium  nitrite  and  110  g  of  mercuric  chloride  in  110  ml  of  concentrated  hydrochloric  acid  and  120  g  of  ice  gave, 
by  the  diazo  method,  117.6  g  (66.8^)  of  the  binary  salt  of  p-xylyldlazonium  chloride  and  mercuric  chloride. 

Found  N  6.96.  CgH^NiCljHg.  Calculated  N  6.37. 

The  light,  crystalline  substance  with  a  yellowish  tinge  was  sparingly  soluble  in  water,  alcohol  and  benzene, 
more  so  in  acetone  and  insoluble  in  ether;  it  was  unstable  during  storage.  In  one  experiment  the  salt  decomposed 
explosively  while  it  was  being  dried  in  air  at  31*. 

116.4  g  of  the  binary  salt  and  60  g  of  freshly  prepared  copper  powder  in  660  ml  of  acetone  at  16-8*  gave 
(extraction  with  acetone  and  recrystallization  from  benzene)  46.2  g(61.6%)  of  chloromercurl -p-xylene  with 
m.p.  186.2-186.6*. 

Found  C  27.86,  27.92;  H  2.64  ,  2.70;  Cl  10.22.  CgHjClHg.  Calculated  C  28.16;  H  2.66;  Cl  10.39. 

The  product  was  difficultly  soluble  in  alcohol  and  benzene,  more  so  in  glacial  acetic  acid  and  acetone 
and  insoluble  in  ether. 

p-Xylylmercury  Nitrate.  This  substance  was  obtained  by  the  action  of  an  alcohol  solution  of  1.98  g  of 
silver  nitrate  on  an  alcohol-acetone  solution  of  3.98  g  of  chloromercury-p-xylene  in  a  yield  of  3.7  g  (86.4%). 

The  colorless  crystals  had  m.p.  163.6-164*  (decomp.). 

Found  %:  C  26.10,  26.91;  H  2.68,  2.72;  N  3.80,  3.72.  C,HgOjNHg.  Calculated  %:  C  26.13;  H  2.47; 

N  3.81. 

The  substance  darkened  and  became  infusible  during  storage,  especially  in  light. 

Bis-2,6-dimethylphenylmercury.  This  substance  was  obtained  in  91%  yield  of  symmetrlzation  of  chloro- 
mercuri-p-xylene  with  copper  in  the  presence  of  ammonia  similarly  to  mercurl-bis-p-( methyl  benzoate)  [6]. 

The  colorless  needles  had  m.p.  127.6-128*  (from  alcohol). 

Found  %:  C  47.11 , 47.02;  H  4.46,  4.43.  CigHigHg.  Calculated  %;  C  46.76;  H  4.38. 

According  to  literature  data,  bls-2,6-dimethylphenylmercury  obtained  from  2,6-dlmethylbromobenzene 
by  the  action  of  sodium  amalgam  and  ethyl  chloroformate  melted  at  123*  [7]. 

Oxidative  Nitration  of  Acetoxymercurl-p-xylene.  4  g  of  acetoxymercuri-p-xylene  was  gradually  added 
over  a  period  of  1  hour  with  vigorous  stirring  to  28  ml  of  687®  nitric  acid  at  2-3*.  The  mixture  was  then  stirred 
for  6  hours  at  2-4*.  To  form  nitrogen  oxides  during  the  addition  and  stirring  period,  1.6  g  of  sodium  nitrate  was 
gradually  added.  The  yellow  precipitate  was  collected,  washed  with  ice  water  and  dried.  Its  weight  was  1.84  g. 
The  precipitate  was  extracted  with  ether.  The  ether  solution  was  stirred  with  a  10%  solution  of  sodium  bicarbo¬ 
nate.  Acidification  of  the  bicarbonate  solution  yielded  0.66  g  of  dinitro-p-xylenol  with  m.p.  118.6-119.6*(23.8%). 

The  light-yellow  platelets  had  m.p.  121.2-122*  (from  water);  a  mixture  with  xp(-dlnitro-2-hydroxy-p-xy- 
lene,  obtained  from  p-xylenol  by  sulfonation  and  subsequent  nitration  [4]  or  by  direct  nitration  with  fuming 
nitric  acid  in  glacial  acetic  acid,  had  m.p.  121-122*. 

Found  7o:  N  13.08,  13.12.  CgHgOgNj.  Calculated  7®:  N  13.21. 

An  identical  dinitro-2-hydroxy-p-xylene  was  obtained  by  nitration  of  6-nitro-2-hydroxy-p-xylene  with 
nitric  acid  in  acetic  acid  solution.  The  latter  was  obtained  by  nitration  of  p-xylenol  [8],  synthesized  from  pure 
p-xylldine  [9]. 
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Oxidative  Nitration  of  p-Xylenc.  80  g  of  p-xylene  was  added  at  -1-3*  with  mechanical  stirring  over  a 
period  of  5  hours  to  a  mixture  of  353  ml  of  58^  nitric  acid,  82.5  g  of  mercury  nitrate,  10  ml  of  glacial  acetic 
acid  and  100  ml  of  ligroin.  The  mixture  was  then  stirred  for  6  hours  30  minutes  at  -3-7*.  During  the  addition 
and  the  stirring  period,  2  g  of  sodium  nitrite  was  gradually  added  to  the  reaction  mixture. 

After  the  stirring  period  the  organic  layer  was  separated  from  the  acid  layer,  washed  with  Ice-water  and 
stirred  with  10%  sodium  carbonate  solution.  Acidification  of  the  sodium  carbonate  solution  yielded  0.2  g  of  a 
substance  with  m.p.  117.5-119.5*. 

After  recryttallization  from  ligroin,  the  substance  melted  at  121-121.4*  and  did  not  depress  the  melting 
point  of  3,5-dlnltro-2-hydroxy-p-xylene,  obtained  by  nitration  of  p-xylenol. 

Found  %:  N  13.21, 13.10.  C,H,OBNt.  Calculated  %:  N  13.21. 

SUMMARY 

1.  The  action  of  58%  nitric  acid  containing  oxides  of  nitrogen  on  acetoxymercuri-p-xylene  at  low  tem¬ 
perature  yielded  x,x-dinitro-2-hydroxy-p-xylene.  It  was  shown  that  the  structure  of  the  latter  corresponded  to 
3,5-dInltro-2-hydroxy-p-xylene. 

2.  The  oxidative  nitrating  effect  of  mercury  nitrate  in  the  nitration  of  p-xylene  with  58%  nitric  acid  at 
low  temperature  was  demonstrated. 

3.  Acetoxymercurl-p-xylene,  the  binary  salt  of  p-xylyldlazonlum  chloride  and  mercuric  chloride,  chloro- 
mercurl-p-xylene  and  p-xylylmercury  nitrate  were  synthesized  and  described. 

We  would  like  to  thank  S.  V.  Bogdanov  for  directing  the  work. 
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A.  Ya.  Berlin 

Institute  of  Experimental  Pathology  and  Cancer  Therapy 
Academy  of  Medical  Sciences  USSR  Moscow 


The  condensation  of  p-benzoqulnone  with  amines  normally  yields  the  corresponding  derivatives  of  2,5- 
dlaminoquinone  [1];  on  the  other  hand,  the  formation  of  monoamines  has  only  been  observed  In  Individual  cases 
and  under  special  conditions  [2].  By  the  reaction  of  p-benzoqulnone  with  diethanolamine  In  an  alcohol-ether 
solution  we  obtained  only  0  ,0  *-dihydroxydlethylamino-p-benzoquinone  (I)  in  more  than  90%  yield.  A  second 
dlethanolamlno  group  was  not  Introduced  Into  the  benzoqulnone  nucleus,  apparently  due  to  the  practically  com¬ 
plete  precipitation  of  the  monoamino  derivative. 

The  dlhydroxydlethylaminoqulnone  (I)  was  a  brownish  yellow,  crystalline  substance  with  certain  peculiari¬ 
ties:  when  heated  with  water  or  alcohol  It  slowly  dissolved  with  an  Intense  cherr)rred  color,  which  gradually  dis¬ 
appeared  on  cooling  with  the  simultaneous  separation  of  the  starting  material  In  a  crystalline  state.  Treatment 
with  mineral  acids  rapidly  produced  a  dark-violet  color,  very  reminiscent  of  the  color  of  permanganate  solution. 

A  brief  communication  [3]  appeared  In  the  literature  very  recently  on  an  analogous  synthesis  of  0,0'-dl- 
dlhydroxydlethyl amino- benzoqulnone  and  certain  compounds  similar  to  it. 

Interesting  results  were  obtained  on  attempting  to  reduce  (I)  to  the  corresponding  hydroqulnone  (II)  under 
certain  conditions. 
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The  action  of  zinc  dust  on  a  solution  of  (I)  In  8-10%  acetic  acid  formed  a  colorless  substance  with  m.p. 
106-107*,  which  had  the  composition  CjoHisOsN  according  to  analysis  results  and  a  molecular  weight  determina¬ 
tion.  Of  the  three  possible  structural  formulas  corresponding  to  this  composition,  the  most  probable  one  was  un¬ 
doubtedly  the  formula  of  4-0 -hydroxyethyl-6-hydroxybenzomorphollne  (III). 
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The  other  two  formulas  can  hardly  be  considered.  Actually  it  Is  known  that  the  formation  of  a  morpholine  ring 
from  diethanolamine  derivatives,  as  in  (IV),  usually  proceeds  under  much  more  drastic  conditions  [4]  and  in  the 
case  of  (V),  the  possibility  of  ready  cyclization  into  a  seven-membered  ring,  condensed  with  a  benzene  nucleus 
in  positions  1  and  3,  should  also  be  considered  extremely  Improbable. 

Apparently  the  molecule  of  the  hydroquinone  derivative  (II)  formed  by  the  reduction  underwent  quite 
rapid  intramolecular  elimination  of  the  elements  of  water  from  the  alcoholic  hydroxyl  of  the  hydroxyethyl  group 
and  the  phenolic  hydroxyl  in  a  position  ortho  to  the  amino  group. 

Different  results  were  obtained  on  reducing  the  dark-violet  solution  of  quinone  (I)  in  2-3^  hydrochloric 
acid  with  zinc  dust  or  SC%.  In  this  case  we  Isolated  two  bases  and  separated  them  by  means  of  their  different 
solubilities  in  dilute  (1 : 1)  hydrochloric  acid.  One  of  these  bases,  (m.p.  94-95*)  whose  hydrochloride  was  diffi¬ 
cultly  soluble  in  dilute  hydrochloric  acid,  contained  chlorine,  had  the  composition  CjoHuOsNCl  and  was  the 
product  of  cyclization  with  elimination  of  water  from  the  monochloro  derivative  of  dlhydroxydlethylamlnohydro- 
quinone.  As  it  was  undoubtedly  4-8 -hydroxyethyl-6-hydroxy-7-chlorobenzomorphollne  (VII),  this  compound 
could  have  been  formed  by  the  addition  of  the  elements  of  HCl  to  the  original  quinone  (I)  and  subsequent  closure 
of  the  morpholine  ring  by  the  scheme 
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Consequently  zinc  dust  did  not  act  as  a  reducing  agent  in  this  case.  Actually,  in  another  experiment  the 
action  of  hydrochloric  acid  alone  on  (I)  yielded  the  same  compound  (VII). 

The  second  base  (m.p.  177-178*  with  decomp.),  whose  hydrochloride  was  soluble  in  dilute  hydrochloric 
acid,  did  not  contain  chlorine  and  had  the  composition  C2oH240eN2. 

Dimerization  of  certain  substituted  quinones  under  the  action  of  mineral  acids  has  been  described  in  a 
series  of  investigations  [5-8].  Thus,  methoxy-p-benzoquinone  yielded  a  substance  to  which  Erdtman[7]  ascribed 
the  structure  (VIII)  or  (IX). 
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Ioffe  and  Sukhina  [8]  were  inclined  to  consider  this  compound  as 

the  intramolecular  < 

In  our  case  also  both  types  of  compound,  (X)  and  (XI),  were  possible. 
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However,  It  seemed  to  us  that  the  most  probable  structure  was  the  symmetrical  one  (X),  which  contains 
an  Indigo  Id  system  of  bonds  responsible  for  the  Intense  darl^vlolet  color  of  the  solution  formed  from  (I)  and  a 
mineral  acid.  The  reduction  of  such  solutions  of  both  (X)  and  (XI)  should  ultimately  give  colorless  7,7*-bis- 
(4-6 -hydroxyethyl-6-hydroxybenaomorphollne)  (XII),  which  we  Isolated  as  a  substance  with  m.p.  177-178*.  The 
formation  of  dimer  (XII)  may  be  Illustrated  by  the  following  scheme. 


(1)  (VI) 
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Diphenol  (XII)  was  converted  by  oxidation  into  diketone  (X),  but  it  was  impossible  to  isolate  directly 
either  (X),  (XI)  or  the  original  quinone  (I)  from.the  dark-^iolet  acid  solution. 

The  diacetate  of  (VII)  and  the  tetraacetate  of  (XII)  were  obtained  in  the  same  way. 


EXPERIMENTAL* 

6 ,6  *-Dihydroxydiethylamino-p-benzoquinone  (I).  A  solution  of  5  g  of  diethanolamine  in  50  ml  of  alcohol 
was  gradually  added  with  stirring  to  a  solution  of  11  g  of  p-benzoquinone  in  300  ml  of  ether.  A  light-brown  pre¬ 
cipitate  began  to  separate  immediately  and  this  was  collected  the  next  day  and  washed  carefully  with  ether.  The 
yield  was  9.37  g  (93*7o).  Recrystallization  from  600  ml  of  alcohol  yielded  brownish  yellow,  needlelike  Crystals. 
The  substance  began  to  darken  at  156*  and  decomposed  with  the  evolution  of  gas  at  161*. 

Found  %.  C  56.97,  56.92;  H  6.34,  6.37;  N  6.82,  6.89.  C10H1SO4N.  Calculated  %:  C  56.92;  H  6.21; 

N  6.64. 

During  recrystallization  from  alcohol  or  water,  the  hot  solution  acquired  a  cheny  red  color,  which  paled 
and  changed  to  dark-yellow  when  the  solution  cooled  and  crystals  separated.  When  treated  with  mineral  acids 
the  substance  formed  a  dark-violet  solution. 

4-8 -Hydroxyethyl-6-hydroxybenzomorpholine  (III).  A  little  zinc  dust  was  added  to  a  solution  of  2  g  of 
quinone  (I)  in  100  ml  of  8-10%  acetic  acid.  On  stirring,  the  red  solution  rapidly  became  pale  yellow.  After 
neutralization  with  an  aqueous  solution  of  ammonia,  the  substance  was  extracted  with  ethyl  acetate  and  the  solu¬ 
tion  obtained  was  dried  with  anhydrous  Na2S04.  The  solvent  was  removed  and  the  residue  (0.98  g)  recrystallized 
from  benzene.  The  colorless  crystals  had  m.p.  106-107*. 

Found  %  C  61.39,  61.11;  H  6.78,  6.79;  N  7.06,  7.01;  act.  H  1.06,  1.02.  M  215,  212.  CioHjaOaN. 

Calculated  C  61.54;  H  6.67;  N  7.18;  act.  H  1.03.  M  195. 

The  somewhat  high  results  for  the  molecular  weight  determination  (by  Rast’s  method)  were  probably  caused 
by  some  association  due  to  the  presence  of  free  hydroxyl  groups  in  the  molecule. 

Action  of  Zinc  Dust  on  a  Solution  of  Dlhydroxydiethylamino-p-benzoquinone  in  Hydrochloric  Acid.  4-6- 
Hydroxyethyl-6-hydroxy-7-chlorobenzomorpholine  (VII)  and  7,7'-bis-(4-8  -hydroxyethyl-6-hydroxybenzomor- 
pholine)  (XII).  Zinc  dust  was  gradually  added  with  stirring  to  a  solution  of  2  g  of  quinone  (I)  in  a  mixture  of 
5  ml  of  concentrated  hydrochloric  acid  and  100  ml  of  water  until  the  dark-violet  color  of  the  solution  changed 
to  a  dirty  yellow.  After  neutralization  of  the  solution  with  an  amount  of  CHsCCXlNa  equivalent  to  the  hydrochloric 

•All  the  melting  points  are  corrected. 
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acid  taken,  the  reaction  product  was  extracted  with  ethyl  acetate.  The  solvent  was  removed  and  the  yellowish 
brown  residue,  which  slowly  crystallized,  was  treated  with  25  ml  of  dilute  (1 ;  1)  hydrochloric  acid. 

The  insoluble  residue  of  the  hydrochloride  was  collected,  washed  with  a  small  amount  of  dilute  hydrochloric 
acid  and  dried.  The  greenish  crystals,  which  acquired  a  violet  color  in  air,  had  m.p.  145-155*  (with  decomp.). 

The  weight  was  0.56  g.  Treatment  of  the  hydrochloride  with  an  aqueous  NaHC08  solution  yielded  the  base  (VII), 
which  was  recrystallized  from  benzene.  The  colorless  crystals  with  a  brownish  violet  tint  had  m.p.  94-95*  (with 
dccomp.). 

Found  Tfc:  C  52.40,  52.35;  H  5.39,  5.48;  N  6.48,  6.24;  Cl  15.61,  15.66.  CioHnOjNCl.  Calculated 
C  52.29;  H  5.27;  N  6.10;  Cl  15.43. 

The  hydrochloric  acid  filtrate  after  separation  of  hydrochloride  of  (VII)  was  evaporated  to  dryness.  The 
residual  dark,  crystalline  substance  was  ground  with  n-butanol  containing  a  few  drops  of  cone.  HCl  and  separated. 
We  obtained  0.67  g  of  dark-grey  hydrochloride  of  (XII),  which  was  purified  by  solution  in  4  ml  of  cone.  HCl  and 
precipitation  with  7  ml  of  methanol.  The  light-grey  crystals  had  m.p.  204*  (with  decomp.). 

Found  ‘fe  C  51.74,  51.76;  H  5.95,  6.18;  N  5.70,  5.50;  Cl  15.13,  14.94.  CjoHzbOsNjCI*.  Calculated  % 

C  52.06;  H  5.69;  N  6.07;  Cl  15.38. 

The.  action  of  aqueous  NaHC08  solution  on  a  solution  of  the  hydrochloride  with  m.p.  204*  yielded  the 
base  (XU),  which  was  recrystallized  from  methanol.  The  colorless  crystals  with  a  light-green  tinge  had  m.p. 
177-178*  with  decomp,  with  the  capillary  inserted  at  170*. 

Found  %:  C  61.64  ,  61.64;  H  6.26,  6.20;  N  6.95,  6.81.  C8oH2406N8.  Calculated  %  C  61.91;  H  6.20; 

N  7.22. 

The  same  results  were  obtained  by  the  action  of  SC^,  sodium  sulfite  or  hydrosulfite. 

Action  of  Hydrochloric  Acid  on  Quinone  (I).  To  1  g  of  quinone  (I)  was  added  2-3  ml  of  concentrated  hy- 
drorhloric  acid.  Heat  was  evolved  and  a  black-violet  solution  formed  and  rapidly  crystallized.  The  precipitate 
was  collected  and  washed  with  alcohol  and  concentrated  hydrochloric  acid.  The  lightrviolet  crystals  had  m.p. 
M6-155*  (with  dccomp.)  and  did  not  depress  the  melting  point  of  the  hydrochloride  of  (VU). 

After  neutralization  with  CHsCOONa  solution,  the  filtrate  deposited  a  viscous  black  mass  and  the  solution 
became  red  with  a  brownish  fluorescence.  No  individual  substance  could  be  isolated  from  the  precipitate. 

7,7’-Dehydro-7,7'-bis-(6,7-dihydro-4-0 -hydroxyethyl-6-hydroxybenzomorpholine  (X).  To  a  solution  of 
0.2  g  of  base  (XII)  in  15  ml  of  alcohol  was  added  a  solution  of  0.11  g  of  p-benzoquinone  in  7  ml  of  ether.  A 
dark-brown  precipitate  formed,  which  was  collected,  washed  with  ether  and  recrystallized  from  a  large  amount 
of  alcohol.  The  needlelikft  crystals  (under  a  microscope)  were  black-violet  in  reflected  light  and  dark  brown 
in  transmitted.  They  did  not  melt  up  to  320*.  The  weight  was  15  mg. 

Found  %:  C  62.42;  H  6.00.  CjoHmOsNj.  Calculated  C  62.23;  H  5.75. 

4-6 -Acetoxyethyl-6-acetoxy-7-chlorobenzomorpholine.  To  a  solution  of  0.49  g  of  base  (VII)  in  10  ml 
of  anhydrous  pyridine  was  added  2  ml  of  acetic  anhydride.  The  next  day  the  liquid  was  poured  into  100  ml  of 
water,  the  precipitated  oil  extracted  with  ether  and  the  ether  solution  dried  with  anhydrous  Na^SQi.  After  removal 
of  the  ether,  the  residue  crystallized  and  was  recrystallized  from  ligroin  (50-60*).  The  weight  was  0.32  g  and 
the  m.p.  71-71.5*. 

Found  C  53.87,  53.72;  H  5.19,  5.41;  N  4.22,  4.24.  M  322.  Cj^HieOgNCl.  Calculated  C  53.60; 

H  5.14;  N  4.46.  M  313.7. 

7,7'-Bis-(4-8 -acetoxyethyl-6-acetoxybenzomorpholine).  The  acetylation  of  0.21  g  of  base  (XII)  was 
carried  out  similarly  to  that  described  above.  We  obtained  0.28  g  of  tetraacetate,  which  was  recrystallized  from 
ethyl  acetate  and  from  alcohol.  The  m.p.  was  196-197*. 

Found‘d:  C  60.17,  60.11;  H  5.79,  5.80;  N  5.28,  5.34.  M  522,  569.  CjgHjiOioN,.  Calculated*^:  C  60.43; 

H  5.80;  N  5.04.  M  556. 
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SUMMARY 


1.  0 ,6  '-Dlhydroxydlethylamino-p-benzoquinone  was  synthesized  from  p-benzoquinone  and  diethanolamine. 

2.  The  dlhydroxyqulnone  was  converted  Into  4-0  -hydroxyethyl-6-hydroxyben25omorphollne  by  reduction 
In  a  weakly  acid  medium. 

3.  The  action  of  hydrochloric  acid  on  the  dlhydroxyqulnone  formed  4-0 -hydroxyethyl-6-hydroxy-7-chloro- 
benzomorpholine  and  reduction  of  the  hydrochloric  acid  solution  yielded  7,7'-bl8-(4-0 -hydroxyethyl-6-hydroxy- 
benzomorpholine). 

4.  A  possible  mechanism  for  these  reactions  was  considered. 
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A  CONTRIBUTION  ON  THE  CATALYTIC  HALOGENATION 
OF  PHENYLTRICHLOROSILANE 

A.  Ya.  Yakubovich  and  G.  V.  Motiarev 


In  a  series  of  papers  published  previously  on  the  halogenation  of  aromatic  silanes  in  the  presence  of  a 
catalyst,  we  reported  [1-4]  that  the  SiCl|  group  was  a  meta -directing  substituent  by  nature,  but  according  to  our 
observations  the  trichlorosilyl  group  behaved  anomalously  in  these  reactions  and  directed  into  the  ortho-  and 
para-positions. 

A.  D.  Petrov,  M.  I.  Batuev  et  al.  [5]  repeated  our  experiments  on  the  bromination  of  phenyltrichlorosilane 
in  the  presence  of  iron  and  found  that  o-bromo|^enyltrichlorosilane  was  formed  in  this  reaction  besides  the  para- 
derivative  (content  of  ortho-  and  para -derivatives,  69^).  They  obtained  different  results  in  the  chlorination  of 
phenyltrichlorosilane.  In  this  case  the  main  reaction  product  was  not  p-  but  m-chlorophenyltrichlorosilane  (con¬ 
tent  of  meta-isomer,  74%).  These  authors  used  IR-spectral  analysis  to  determine  the  composition  of  the  reaction 
products. 

We  arrived  at  our  conclusions  on  the  structure  and  composition  of  the  chlorination  and  bromination  products 
of  phenyltrichlorosilane  from  the  results  of  a  chemical  Investigation  of  their  degradation  products  obtained  by  a 
method  analogous  to  that  of  Kipping  and  Cusa  [6].  The  latter  consisted  of  treating  the  substituted  aromatic  silane 
under  test  with  a  mixture  of  bromine  and  water  at  140-170*,  which  ruptured  the  C-Si  bond  to  form  the  corre¬ 
sponding  substituted  aryl  bromide.  However,  a  detailed  check  of  the  applicability  of  this  method  to  substituted 
arylchlorosilanes  showed  that  it  led  to  distorted  results.  In  actual  fact,  the  action  of  bromine  water  on  both 
p-chlorophenyltrichlorosllane  (as  was  established  previously)  and  on  m-chlorophenyltrichlorosilane  (the  two 
isomers  were  obtained  from  the  appropriate  chiorophenyimagnesium  bromides  and  SlCl^)  formed  only  p-chloro- 
bromobenzene  (60.4  and  34.6%  yields,  respectively).  These  experiments  showed  that  the  formation  of  chloro- 
bromobenzenes  occurred  not  as  a  result  of  rupture  of  the  C-Sl  bond  by  bromine  but  as  a  result  of  bromination  of 
chlorobenzene.  It  was  shown  previously  [7]  that  a  mixture  of  bromine  and  chlorophenylchlorosilane  did  not  inter¬ 
act  at  150-200*.  By  subsequent  experiments  we  established  that  at  140-200*  40%  hydrobromic  acid  was  capable 
of  rupturing  the  C-Si  bond  in  phenyltrichlorosilane  and  monochlorophenyltrichlorosilanc  with  the  formation  of 
benzene  (60.6%  yield)  and  chlorobenzene  (27.4%  yield),  respectively. 

This  readily  explains  the  formation  of  p-chlorobromobenzene  by  degradation  of  both  p-  and  m-chloro- 
phenyltrichlorosilanes  with  bromine  water,  which  evidently  occurred  under  the  action  of  hydrobromic  acid,  pro¬ 
duced  by  hydrolysis  of  the  bromine  by  water,  and  tvomine  reacting  with  the  chlorobenzene  thus  obtained. 

In  connection  with  what  has  been  said,  a  need  arose  for  a  different  method  for  determining  the  structure 
of  chloro  and  bromo  derivatives  of  phenyltrichlorosilane.  Benkeser  and  Torkelson  [8]  found  that  phenyltrimethyl- 
silane  was  degraded  by  bromine  even  under  normal  conditions  by  the  scheme 

CeHgSUCHs),  +  Br,  -CjHgBr  +  (CHs),SiBr. 

We  showed  that  p-  and  m-chlorophenyltrimethylsilane  behaved  analogously  and  gave  high  yields  of 
p- chloro  bromo-  and  m-chlorobromobenzenes,  respectively,  and  trimethylbromosilane. 

In  the  chlorination  of  phenyltrichlorosilane  in  the  presence  of  iron  to  the  monochloro  derivative,  the  reac¬ 
tion  products  yielded  two  fractions  corresponding  to  monochlorophenyltrichlorosilane  in  analysis:  one  with  b.p. 
98-107’  at  11  mm  and  the  other  with  b.p.  108.5-112*  at  11  mm.  Bromine  degradation  of  chlorophenyltrimethyl- 
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silane,  obtained  by  exhaustive  methylatlon  (with  CHsMgl)  of  the  low- 
bolllng  fraction  of  monochlorophenyltrlchlorosllane,  yielded  chlorobromo- 
benzene  [together  with  (CH3)3SlBr]  in  the  form  of  a  liquid,  crystallizing  at 
-26*.  As  shown  by  comparison  with  the  melting  point  diagram  we  obtained 
for  mixtures  of  p-  and  m-chlorobromobenzenes  (see  figure),  the  freezing 
point  of  the  mixture  of  chlorobromobenzenes  obtained  (-26*)  was  close  to 
the  freezing  point  (-25,7*)  of  a  mixture  with  of  the  meta-  and  5%  of 
the  para-lsomer.  Spectral  (IR)  analysis  of  this  mixture  Indicated  the  same 
composition. 

Bromine  degradation  of  the  methylated  high-boiling  fraction  of 
chlorophenyltrichlorosilane,  corresponding  In  constants  to  o-chlorophenyl- 
trlchlorosllane  [5],  yielded  o-chlorobromobenzene,  which  confirmed  that 
this  substance  had  the  structure  of  o-chlorophenyltrlchlorosllane. 

From  the  data  described  above  and  presented  In  the  experimental 
section.  It  follows  that  the  chlorination  of  phenyltrichlorosilane  in  the 
presence  of  FeCl|  proceeds  with  the  formation  of  a  mixture  of  m-,  o-  and 
p-chlorophenyltrlchlorosllanes  In  the  ratio  75:21:4,  which  agrees  well 
with  the  data  In  [5]. 

If  an  analogous  degradation  was  carried  out  on  the  main  fraction  of 
products  from  the  catalytic  (Iron)  bromlnatlon  of  phenyltrichlorosilane, 
corresponding  to  monobromophenyltrlchlorosllane,  In  composition  (after 
preliminary  methylatlon).  It  was  possible  to  Isolate  p-dlbromobenzene 
(40.4%  of  the  total  weight  of  the  mixture  of  dlbromobenzenes  obtained) 
and  o-dlbromobenzene  (25.1%),  from  which  it  follows  (see  also  experi¬ 
mental  section)  that  In  the  bromlnatlon  of  phenyltrichlorosilane  at  least 
68%  of  the  mixture  of  bromophenyltrlchlorosllanes  formed  consisted  of  the 
para-  (37%)  and  ortho-isomers  (31%). 

These  data  once  again  confirm  that  In  this  reaction  the  SICI3  group 
behaves  anomalously  as  an  ortho  —  para  directing  group.  At  the  same 
time,  the  above  Indicates  that  a  series  of  our  previous  conclusions  on  the 
structure  of  chlorination  products  of  arylchlorosllanes  [3,  4,  9]  requires 
modification. 

EXPERIMENTA  L 


1.  Chlorination  of  phenyltrichlorosilane  was  carried  out  In  a  glass 
column  (220  mm  high  and  25  mm  diameter),  fitted  with  a  reflux  condenser,  a  bubbler  (porous  glass  plate)  for 
the  Input  of  chlorine  and  a  thermometer. 

Gaseous  chlorine  was  passed  Into  a  mixture  of  90  g  of  phenyltrichlorosilane  and  1.5  g  of  anhydrous  FeCl3 
at  50-60*  until  the  Increase  in  weight  reached  12.7  g.  Vacuum  distillation  of  the  crude  mixture  gave  95  g  of 
reaction  products,  boiling  over  the  range  78-120“  at  11  mm.  Vacuum  distillation  of  these  products  (11  mm)  from 
a  flask  with  a  pear  fractionating  column  (400  mm  long)  gave  fractions: 

1st,  b.p.  78-80*,  12.7  g  of  unreacted  CgHgSiCla:  2nd,  b.p.  81-95*,  8.2  g;  3rd,  b.p.  98-107*,  djo*®  1.4414, 
n*®D  1.5430,  52.4  g. 

Found  %:  Cl  (total)  57.3,  57.1;  Cl  (hydrolyzable)  43.2,  43.8.  C8H4ClSiCls.  Calculated  %:  Cl  (total) 
57.72;  Cl  (hydrolyzable)  43.29. 

4th,  b.p.  108.5-112*,  djo*®  1.4620,  n*®D  1.5500,  14.2  g. 

Found  %:  Cl  (total)  57.4,  57.5;  Cl  (hydrolyzable)  43.6,  43.9.  C3H4CISICI3,  Calculated  %:  Cl  (total) 
57.72;  Cl  (hydrolyzable)  43.29. 

5th,  b.p.  110-120*,  d,o*®  1.5066,  n*®D  1.5549  ,  3.3  g. 
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Found  ’loi  Cl  (total)  60.8,  61.3;  Cl  (hydrolyzable)  40.1,  40.4.  C(H4C1S1C13.  Calculated  Cl  (total) 
67.72;  Cl  (hydrolyzable)  43.29.  C,H,C1,S1C1,.  Calculated*^:  Cl  (total)  63.28;  Cl  (hydrolyzable)  37.97.  ‘ 

Part  of  the  main  fraction  (3rd),  which  was  a  monochloro  derivative,  was  converted  Into  ClC3H4Si(CH3)s. 

A  solution  of  20  g  of  the  monochloride  (3rd  fraction)  In  50  ml  of  ether  was  added  dropwise  with  cooling  to  an 
ether  solution  of  CH3Mgl,  prepared  from  6.8  g  of  magnesium,  37.4  g  of  methyl  Iodide  and  100  ml  of  absolute 
ether. 

After  the  addition,  the  reaction  mixture  was  boiled  for  30  minutes,  cooled  and  decomposed  with  10%  hy¬ 
drochloric  acid.  From  the  ether  layer  we  Isolated  13  g(86.6%)  of  a  liquid  with  b.p.  65-69*  at  6  mm,  78-81*  at 
9  mm,  d,o*®  1.0144,  n*®D  1.5110. 

Found  %:  Cl  19.01,19.42.  ClCeH4Si  (CH3)3.  Calculated  %:  Cl  19.24. 

Similarly,  treatment  of  4  g  of  the  4th  fraction  (b.p.  108.5-112*  at  11  mm)  with  CHsMgl  (from  1.4  g  of 
magnesium  and  7.5  g  of  methyl  Iodide)  gave  2.2  g  of  ClC3H4Si(CH3)3  (73.3%  yield)  with  b.p.  85-86*  at  12  mm, 
d,o**  1.0453,  n*®D  1.5175. 

Found  %:  Cl  19.52,  19.61.  C1C3H4S1(CH3)3.  Calculated  %:  Cl  19.24. 

2.  Bromination  of  phenyltrlchlorosilane  was  carried  out  In  a  glass  column  (220  mm  high  and  25  mm  dia¬ 
meter),  fitted  with  a  reflux  condenser,  a  dropping  funnel  for  the  addition  of  bromine  and  a  thermometer. 

Over  a  period  of  1.5  hours,  50  g  of  dry  bromine  was  added  to  a  mixture  of  72  g  of  phenyltrlchlorosilane 
and  0.4  g  of  metallic  iron  powder  at  50-55*.  Vacuum  distillation  of  the  crude  mixture  yielded  91  g  of  reaction 
products,  boiling  in  the  range  78-120*  at  10  mm.  Vacuum  distillation  (11  mm)  of  these  from  a  flask  with  a 
pear  fractionating  column  (400  mm  high)  yielded  fractions: 

1st,  b.p.  78-81*,  16.0  g  of  unreacted  C,H5S1C13:  2nd,  b.p.  82-112*,  12.1  g;  3rd,  b.p.  113-117*.  d,o*®  1.6764, 
n*®D  1.5660,  53.1  g. 

Found  %:  Br  38.1,  38.4;  Cl  (hydrolyzable)  36.2,  36.4.  C,H4BrSiOi,5.  Calculated  %:  Br  38.4.  CeH4BrSlCl3. 
Calculated  %;  Cl  (hydrolyzable)  36.6.  4th,  b.p.  118-120*,  c^o”  1.6968,  n*®D  1.5700,  4.8  g. 

Found  %:  Br  38.0,  38.1;  Cl  (hydrolyzable)  36.1,  36.0.  C,H4BrSiOi.6.  Calculated  %;  Br  38.4.  CeH4BrSiCl3. 
Calculated  %:  Cl  (hydrolyzable)  36.6. 

As  described  above  for  the  monochloro  derivative,  part  of  the  main  fraction  (3rd),  which  was  the  mono- 
bromo  derivative,  was  converted  into  BrC3H4Sl(CH3)s.  The  reaction  of  20  g  of  BrC3H3SiCl3  (3rd  fraction)  with 
CHsMgl,  prepared  from  5.8  g  of  magnesium  and  31.8  g  of  methyl  iodide  in  dry  ether  (150  ml),  yielded  12.5  g 
(80.5%)  of  a  liquid. 

B.p.  93-94*  at  10  mm.  d,o*®  1.2288,  n*®D  1.5325. 

Found  %:  Br  35.1,  35.3.  BrCgH4Si(CH3)3.  Calculated  %:  Br  34.93. 

According  to  data  in  [10]:  b.p.  146-148*  at  50  mm,  c^*®  1.2197,  ii?®D  1.5302. 

3.  p-Chlorophenyltrichlorosilane  was  obtained  from  50  g  of  p-chlorobromobenzene,  6.6  g  of  magnesium 
and  47.6  g  of  SiCl4  in  an  absolute  ether  medium  under  the  conditions  described  previously  [11,  12].  We  isolated 
16.6  g(25.8%)  of  a  liquid. 

B.p.  100-102*  at  11  mm,  d4*®  1.4330,  n*®D  1.5422;  according  to  data  in  [12]:  b.p.  100*  at  11  mm,  d4*® 
1.4316,  n*®D  1.5418. 

p-Chlorophenyltrimethylsllane  was  obtained  by  the  method  described  above  by  reacting  CH3MgI,  prepared 
from  2.7  g  of  magnesium  and  15  g  of  methyl  iodide,  with  8  g  of  p-ClCjH4SiCl3  in  absolute  ether  (110  ml).  We 
isolated  4  g  (66.6%)  of  a  liquid. 

B.p.  85-86*  at  9  mm,  d4”  1.0012,- n*®D  1.5090.  According  to  data  in  [13]:  d4*®  1.0002,  n*®D  1.5090; 
according  to  data  in  [10]:  b.p.  119-120*  at  50  mm  d4*®  1.0282,  n*®D  1.5128. 

4.  m  -Chlorophenyltrichlorosllane  was  obtained  under  conditions  analogous  to  those  for  the  preparation  of 
the  para-isomer  from  50  g  of  m-chlorobromobenzene  (the  latter  was  synthesized  from  m-BrC6H4NH|  through  the 
diazo  compound).  We  obtained  18.3  g  (28.5%)  of  a  liquid. 
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B.p.  95-97’  at  11  inm,  d4*®  1.5424.  According  to  data  in  [12];  b.p.  230.5*  at  738  mm,  di***  1.4384,  tii*®D 
1.5421. 

m-Chlorophenyltrimethylsilane  was  obtained  as  described  above  from  15  g  of  methyl  iodide,  2.7  g  of 
magnesium  and  8  g  of  m-ClCjH4SiCl8  in  an  absolute  ether  medium  (120  ml).  We  obtained  4.7  g  (78.3%)  of  a 
liquid  with  b.p.  84-85*  at  9  mm,  d,*®  1.0071,  n*®D  1.5108. 

5.  Degradation  of  Monochlorophenyltrlchlorosilanes  with  Bromine  Water  in  a  Sealed  Tube,  a)  Degrada¬ 
tion  of  p-ClCgH4SiCla.  Into  two  glass  tubes  were  placed  3.4  g  of  p-ClCjH4SiCl3,  0.8  ml  of  bromine  and  4  ml  of 
water.  The  sealed  tubes  were  heated  at  170-180*  for  8  hours.  The  cooled  tubes  were  opened  and  their  contents 
combined,  neutralized  with  10%  sodium  carbonate  solution  and  extracted  with  ether.  After  steam  distillation, 
the  ether  solution  yielded  1.5  g  of  a  crystalline  substance  with  m.p.  66.1*  (from  alcohol,  which  was  p-chloro- 
bromobenzene.  The  yield  was  60.4%. 

b)  Degradation  of  m-ClCeH4SiCls.  When  a  mixture  of  3.2  g  of  m-ClC8H4SiCl8.  0.8  ml  of  bromine  and 
4  ml  of  water  was  heated  under  analogous  conditions,  the  reaction  products  yielded  0.8  g  (34.6%)  of  p-chloro- 
bromobenzene  with  m.p.  65.7*. 

c)  Degradation  of  ClC^KsSlClg,  Obtained  by  Chlorination  of  C^HeSiClg  in  the  Presence  of  FeClg.  Heating 
a  mixture  of  6  g  of  monochlorophenyltrichlorosilane,  obtained  by  chlorination  of  CgH^iClg  in  the  presence  of 
FeClg  (3rd  fraction,  see  exp.  1),  1.5  ml  of  bromine  and  6  ml  of  water  under  analogous  conditions  ( in  three  tubes) 
led  to  the  formation  of  2.4  g(53.3%)  of  p-chlorobromobenzene  with  m.p.  65.2*. 

In  the  last  two  cases,  together  with  p-ClCgH4Br  a  tar  was  formed  which  approximately  corresponded  to  the 
composition  (CjH4ClSiOi,5)n  according  to  the  chlorine  content. 

Found  %:  Cl  20.3,  20.1.  (C6H4ClSiOi.5)n.  Calculated  %:  Cl  21.7. 

6.  Degradation  of  Phenylchlorosilanes  with  40%  Hydrobromic  Acid  in  a  Sealed  Tube,  a)  Degradation  of 
CgHsSiCIs.  Into  a  glass  tube  was  placed  1.8  g  of  CeHgSiClg  and  2.5  ml  of  40%  hydrolwomic  acid.  The  sealed 
tube  was  heated  at  170-200*  for  12  hours.  Subsequent  processing  was  as  in  the  degradation  with  bromine  watec. 

The  ether  solution  yielded  0.4  g  (60.6%)  of  benzene  with  b.p.  78-80*.  For  identification,  the  latter 
was  nitrated  to  m -dinitrobenzene  with  m.p.  89.3*  (from  alcohol). 

b)  Degradation  of  ClC6H4SiCl8,  Obtained  by  Chlorination  of  CgHsSiClg  in  the  Presence  of  FeClj.  When  a 
mixture  of  G  g  of  inonochlorophenyltrichlorosilane,  obtained  by  chlorination  of  CeMgSiClg  in  the  presence  ot  FeClg 
(3rd  fraction,  see  exp.  1).  and  7.5  ml  of  40%  hydrobromic  acid  was  heated  under  analogous  conditions  (in  three 
tubes),  the  reaction  products  yielded  0.74  g  (27.4%)  of  chlorobenzene.  The  main  product  of  the  reaction  was  a 
chlorine-containing  organosilicon  resin. 

7.  Degradation  of  Monochloro(bromo)phenyltrimethylsilanes  with  Bromine,  a)  Degradation  of 
p-ClCgH4Si(CHg)3.  Over  a  period  of  10  minutes,  3.7  g  of  bromine  was  added  dropwise  with  stirring  to  3.9  g  of 
p-ClC6H4Si(CH3)g.  Since  the  reaction  involved  appreciable  heat  evolution  (the  temperature  of  the  mixture  rose 
to  70-80*),  the  bromine  was  added  with  cooling  (25-30*).  When  all  the  bromine  had  been  added,  the  mixture 
was  heated  at  60-70*  for  20  minutes  and  the  (CH3)gSlBr  (2.4  g,  75%  yield)  with  b.p.  79-80*  distilled  from  the 
mixture.  The  residue  after  distillation  of  the  (CHg)gSiBr  crystallized  on  cooling. 

Vacuum  distillation  (10  mm)  of  this  yielded  3.1  g  (77.5%)  of  p-chlorobromobenzene  with  m.p.  66.2*. 

b)  Degradation  of  m-ClC5H4Si(CHg)3.  Similarly,  from  4  g  of  m-C5H4Si(CHg)g  and  3.8  g  of  bromine 
we  obtained  2.5  g  (78.1%)  of  (CHg)gSiBr  and  3.4  g(8^o)  of  m-chlorobromobenzene  with  b.p.  67-68*  at  10  mm, 
d4*®  1.6923,  n^®D  1.5784. 

Degradation  of  Chlorophenyltrimethylsilanes  Obtained  from  Monochlorophenyltrichlorosllanes  Isolated  in  the 
Chlorination  of  CgHgS iClg  in  the  Presence  of  FeClg.  Degradation  of  Trimethyl  Derivative  of  the  Fraction  with 
b.p.  98-107*  at  11  mm.  The  reaction  of  11.5  g  of  the  monochlorophenyltrimethylsilane  and  10.8  g  of  bromine 
under  analogous  conditions  yielded  8.5  g(89.4%)  of  (CHg)gSiBr  and  10.4  g(87.47o)  of  a  colorless  liquid  correspondlig 
to  chlorobromobenzene  in  analysis  and  crystallizing  at  -26*. 

B.p.  67-70*  at  10  mm,  dgo*”  1.6292,  n*®D  1.5770.  According  to  data  in  [14]:  for  p-ClC6H4Br  m.p.  64.6*; 
for  o-ClC6H4Br  f.p.  -12.6*,  d4*®  1.6444,  n‘^*®D  1.5821;  for  m-ClC6H4Br  f.p.  -21.2*,  d4*®  1.6297,  n”-^D  1.5773. 
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ClCgIl4Br  content  of  mixture  | 

Freezing 

point 

(In  g) 

1  (ln%) 

m- 

1  P' 

m- 

1  P" 

5.40 

1(H) 

-22.2° 

r*.4o 

0.28 

95 

5 

—2.5.7 

5.40 

0.(50 

90 

10 

—27.4 

5.40 

0.95 

85 

15 

—26.5 

5.40 

1.35 

80 

20 

—22.7 

5.40 

1.80 

75 

25 

-  8.6 

5.40 

2.31 

70 

30 

-f  0.8 

.5.40 

2.90 

65 

35 

+  9.6 

5.40  1 

.3.60 

60 

40 

+16.6 

Mixture  isolated  from  experiment  —26.0 


In  order  to  determine  the  qualitative  and  quantitative  composition  of  the  mixture  of  chlorobromobenzenes 
obtained,  we  used  the  data  from  its  thermal  analysis,  obtained  by  a  generally  accepted  procedure  [15].  The 
results  of  these  determinations  are  presented  in  the  table  and  the  figure. 

From  the  fact  that  the  mixture  of  chlorobromobenzene  isomers  investigated  had  m.p.  -26*  and  that  when 
p-chlorobromobenzene  was  added  to  it,  its  melting  point  changed  according  to  the  curve  given  for  a  mixture  of 
m-  and  p -chlorobromobenzenes,  it  follows  that  it  consisted  of  957o  of  meta-  and  6%  of  para-isomers. 

Degradation  of  Trimethyl  Derivative  of  the  Fraction  with  b.  p.  108.5-112*  at  11  mm.  Similarly,  from  2  g 
of  ClCgli4Si(CHs)3,  obtained  from  ClC3H4SiCls  (fraction  with  b.p.  108.5-112*  at  11  mm),  and  1.9  g  of  bromine 
we  obtained  1.3  g  (79T^)  of  (CH3)jSlBr  and  1.5  g  (77*^)  of  o -chlorobromobenzene  with  b.p.  70-72*  at  10  mm, 
d4*®  1.6431,  n*®D  1.5808.  The  data  obtained  showed  that  the  fraction  analyzed  was  o-chlorophenyltrichlorosllane. 

d)  Degradation  of  BrC8H4Si(CH|)«  Obtained  From  Monobromophenyltrlchlorosilane,  Isolated  in  the  Bromlna- 
tion  of  CgH^iCIs  in  the  Presence  of  Iron.  The  bromine  degradation  of  monobromophenyltrimethylsllane  was 
carried  out  similarly.  From  17.6  g  of  silane  and  12.5  g  of  bromine  we  obtained  9.6  g  (83.5%)  of  (CH3)3SiBr  and 
15.1  g  (84.3%)  of  a  colorless  liquid,  corresponding  to  dibromobenzene  in  analysis  and  having  b.p.  89-90*  at  11  mm. 
On  standing  (18-20"),  the  liquid  partially  crystallized.  When  cooled  to  0*  it  deposited  6.1  g  of  p-dibromobenzene 
with  m.p.  87’  (40.4%  of  the  total  weight  of  the  mixture  of  dibromobenzenes).  After  separation  of  the  p-dibromo¬ 
benzene  crystals,  the  liquid  residue  was  cooled  to  -5*  to  give  3.8  g  (25.1%)  of  o-dibromobenzene  with  m.p.  1.5- 
2.2*,  d,o*®  1  .9572.  The  residue  after  separation  of  the  o-dibromobenzene  crystallized  completely  at  -10*. 

According  to  data  in  [14],  the  isomeric  p -dibromobenzenes  have:  para-,  m.p.  86.8*,  ortho-,  m.p.  1.8* 
d4*®*^  1.9557,  meta-,  m.p.  -6.9*,  d4*®*^  1.9523. 


SUMMARY 

1.  A  method  is  described  for  determining  the  structure  of  halogen  derivatives  of  arylchlorosilanes,  based 
on  bromine  degradation  of  the  products  of  their  exhaustive  methylation. 

2.  By  means  of  this  method  we  determined  more  accurately  the  isomeric  composition  of  the  monochloro 
and  monobromo  derivatives  of  phenyltrichlorosilane,  formed  by  its  halogenation  in  the  presence  of  iron.  In  con¬ 
trast  to  what  we  had  found  previously,  it  was  shown  that  the  chlorination  of  phenyltrichlorosilane  gave  mainly 
(up  to  75%)  m-chlorophenyltrichlorosilane  and  in  bromination,  the  main  reaction  product  (up  to  70%)  was  a  mix¬ 
ture  of  p-  and  o-bromophenyltrichlorosilanes. 
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SOME  ESTERS  OF  4(  5 )  -  A  M  IN  OIM  ID  A  Z  O  LE  -  6(  4  )  -  C  A  RB  OX  Y  LIC  ACID 


L.  P.  Kulev  and  V.  R.  Koroleva 
Tomsk  Polytechnic  Institute 


The  only  esters  of  4(5)-amlnolmldazole-5(4)-carboxylic  acid  described  In  the  literature  are  the  methyl 
and  ethyl  esters  [1].  The  first  ester  was  obtained  by  catalytic  reduction  of  methyl  4(5)-nltroimldazole“5(4)-car- 
boxylate  [2]  and  the  second  by  condensation  of  ethyl  amlnocyanoacetate  with  formamidlne  hydrochloride  [3]. 
The  hydrochloride  and  plcrate  only  of  the  methyl  ester  are  known. 

Since  derivatives  of  amlnolmldazolecarboxyllc  acid  are  of  considerable  Interest  from  a  physiological  point 
of  view,  we  prepared  a  series  of  esters  of  this  acid  with  the  general  formula 


ROOC— C— Ml 


HjN-C— 


and  studied  their  properties.  The  starting  4(5)-nitrolmldazole>5(4)-carboxyllc  acid  was  obtained  from  4{5)-hy- 
droxymethyllmidazole  [4].  The  esters  of  this  acid  were  synthesized  by  a  method  described  previously  [5].  With 
the  exception  of  the  Imldazolylmethyl  ester  of  4(5)-nitrolmldazole-5(4)-carboxylic  acid,  which  was  reduced  with 
ferrous  sulfate  In  an  ammonia  medium,  all  the  other  nltroesters  were  reduced  with  iron  filings  In  the  presence  of 
an  electrolyte. 

The  free  esters  of  amlnolmldazolecarboxyllc  acid  behaved  as  bases  and  gave  salts  with  strong  mineral 
acids  and  complexes  with  picric  acid  with  1 : 1  and  1 : 2  compositions.  The  hydrochlorides  of  the  esters  were 
white,  crystalline  substances,  which  dissolved  readily  In  water,  alcohol  and  ethyl  acetate  apart  from  the  Imi- 
dazolylmetlhyl  ester,  which  was  more  soluble  in  water  than  In  organic  solvents.  The  free  esters  were  obtained 
by  neutralizing  aqueous  solutions  of  the  hydrochlorides  with  sodium  carbonate  in  the  cold  and  subsequent  extrac¬ 
tion  of  the  base  from  the  dry  residue  with  anhydrous  alcohol.  The  colorless  crystals  (with  the  exception  of  the 
methyl  and  isoamyl  esters,  which  were  Isolated  In  the  form  of  uncrystalllzable  oils)  were  readily  soluble  in  alco¬ 
hol,  acetone  and  chloroform  and  considerably  less  so  In  water;  they  gradually  darkened  and  became  tarry  during 
storage  in  air. 

The  esters  were  tested  pharmacologically  (In  the  form  of  the  hydrochlorides)  under  the  direction  of  A.  S. 
Saratlkov  (Tomsk  Medical  Institute).  In  contrast  to  the  corresponding  esters  of  nltroimidazolecarboxyllc  acid, 
the  esters  of  the  amino  acid  showed  hardly  any  hypotensive  action  but  depressed  cardiac  activity  considerably 
more  strongly  than  the  former;  In  this  respect,  the  most  active  was  the  Isoamyl  ester  (80.7%)  and  the  least  active, 
the  ethyl  ester  of  amlnolmldazolecarboxyllc  acid  (49.5%).*  Only  the  ethyl  ester  of  benzoylaminoimldazole- 
carboxyllc  acid  had  a  clearly  expressed  antispasmodic  action  and  this  ester  was  also  characterized  by  the  lowest 
toxicity. 

EXPERIMENTAL 

Methyl  4(5)-Amlnolmldazole-5(4)-carboxylate  (I).  7.6  g  of  Iron  filings,  degreased  with  sodium  carbonate, 
was  boiled  with  1.5  ml  of  hydrochloric  acid  (d  1.19)  for  10  minutes.  3  g  of  methyl  4(5)-nltrolmldazole-5(4)- 

•  Experiments  on  Isolated  frog  hearts  by  Straube's  method. 


2366 


Analysis  of  Esters  and  Their  Hydrochlorides  and  Plcrates 


Ester 

No. 

Formula  of  compounds 

%N 

found 

calculated 

(II)  { 

22.12 

21.87 

<\ll#0,Ns  ■  21IC1 

18.77 

18.42 

( 

C,1I„0,N,  .  2C,1I,C>,N, 

2l)M 

20.09 

(III) 

o,ii„(),N,  •  nci 

20.7!) 

20.44 

1 

('ilIiiO.N, 

2/i.!)3 

24.83 

(IV) 

C,II,(»,N, 

21.02 

21.10 

( 

CiIlnO.N,  •  0,II,O,N, 

20.!H) 

21.13 

(V) 

C,II„(),N,  .  21ICI 

17.73 

17.33 

1 

(MlnO.N, 

24.28 

24.83 

( 

C.ll.jOjN,  •  2C„H,0,N, 

19.2.3 

19.63 

(VI) 

C,1I,5U,N,  •  IICI 

18.63 

19.13 

1 

22.64 

22.95 

(VII) 

t'illi.O.N, 

19.36 

19.71 

( 

C.H.,<),N,  .  2C,H,0,N, 

19..^)0 

19.63 

(VIII) 

C,H„0,N,  •  MCI 

19..3.3 

19.13 

1 

c,n„»»,N, 

22..3!) 

22.95 

/  1  V  \  1 

C,»,s(),N,  •  C,H,0,N, 

19.89 

19.72 

C,II,5<),N,  .  IICI 

17.67 

17.99 

1 

C,1I,(),N,  .  2C,H,0,N, 

23.(M) 

23.16 

(X) 

(•nll.OjN,  •  2HCI 

24.82 

23.00 

1 

ChII.OjNj 

.33.48 

33.82 

(XI) 

C„II,,0,N, 

1.3.97 

16.22 

carboxylic  acid  was  Introduced  with  vigorous  stirring.  The  reduction  was  carried  out  In  a  thermostat  at  46-47* 
for  2.5  hours.  The  reaction  mass  was  filtered,  the  precipitate  washed  several  times  with  very  weak  acid  and  a 
saturated  solution  of  picric  acid  added  to  the  filtrate.  The  plcrate  and  hydrochloride  of  the  ester  were  Identical 
with  those  described  in  the  literature  [2]. 

The  ethyl  ester  (II)  was  obtained  analogously  to  (I).  To  Improve  the  solubility  of  the  nltroester,  the  reduc¬ 
tion  was  carried  out  in  an  aqueous  alcohol  medium.  The  plcrate  of  the  amlnoester  formed  a  yellow  needles  with 
m.p.  191-192*  (from  hot  water);  the  hydrochloride  formed  the  hydrochloride,  was  identical  with  that  described 
In  [3].  Analysis  data  for  the  hydrochloride  and  plcrate  of  this  ester  and  subsequent  compounds  are  given  in  the 
table. 

The  n-propyl  ester  (III)  was  obtained  analogously  to  (II).  The  plcrate  formed  yellow  needles  with  m.p. 
167-168*;  the  hydrochloride  gave  very  fine,  colorless  crystals  (by  precipitation  with  ether  from  methyl  alcohol 
solution)  with  m.p.  170-171*.  The  free  ester  formed  a  white  powder  with  m.p.  82-83*  (from  water). 

isopropyl  4(5)-Nltrolmldazole-5(4)-carboxylate  (IV).  To  a  solution  of  60  ml  of  Isopropyl  alcohol  and  1.5 
ml  of  sulfuric  acid  (d  1.84)  was  added  5  g  of  4(5)-nitroimidazole-5(4)-carboxyllc  acid.  The  mixture  was  heated 
on  a  boiling  water  bath  for  2  hours.  The  colorless  platelets  had  m.p.  206-207*  (from  boiling  water).  The  product 
was  Insoluble  in  cold  water,  ether,  benzene  and  chloroform  and  dissolved  readily  in  alcohol,  acetone,  ethyl 
acetate  and  dilute  alkalis.  It  did  not  give  compounds  with  mineral  acids  or  picric  acid. 

Isopropyl  4(5)-Amlnolmldazole-5(4)-carboxylate  (V).  This  product  was  obtained  analogously  to  (II).  The 
plcrate  of  the  ester  formed  yellow  platelets  with  m.p.  173-173.5*  (from  boiling  water).  The  hydrochloride  was 
a  white  powder  with  m.p.  97-98*  (from  a  mixture  of  methanol  and  ether).  The  free  ester  was  a  white  or  slightly 
pinkish  powder  with  m.p.  214-214.5*  (from  methanol). 

n-Butyl  4(5)-Amlnolmidazole-5(4)-carboxylate  (VI).  This  product  was  obtained  analogously  to  (II).  The 
plcrate  formed  yellow  needles  with  m.p.  151-152®  (from  hot  water).  The  hydrochloride  was  a  white  powder  with 
m.p.  128*.  The  free  ester  formed  colorless  needles  with  m.p.  53-54*  (from  water). 
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Isohutyl  4<5)-Nitrolmidazole-5(4)>carboxylate  (VII).  This  substance  was  obtained  analogously  to  (IV)  from 
the  nltroacld  and  primary  isobutyl  alcohol.  The  colorless  platelets  had  m.p.  210-211*  (from  alcohol)  and  were 
soluble  in  hot  alcohol. 

Isobutyl  4(5)-Amlnolmidazole-6(4)-carboxylate  (VllI).  This  product  was  obtained  analogously  to  (II).  The 
picrate  formed  fine,  yellow  crystals  with  m.p.  170-171*  (from  hot  water).  The  hydrochloride  gave  colorless, 
aggregated  crystals  with  m.p.  176*  (with  decomp.).  The  free  ester  formed  colorless  needles  with  m.p.  123-124* 
(from  water). 

Isoamyl  4(6)-Amlnoimldazole-6(4)-carboxylate  (DC).  This  product  was  obtained  analogously  to  (II).  The 
picrate  gave  fine  needles  with  m.p.  152*  (fioni  hot  water).  The  hydrochloride  was  a  white  powder  with  m.p. 
142-143*,  which  dissolved  in  acetone  and  chloroform. 

Imidazolylmethyl  4(5)-Amlnoimldazole-6(4)-carboxylate  (X).  To  a  solution  of  11  g  of  ferrous  sulfate  in 
10  ml  of  water  was  added  a  hot  10%  aqueous  solution  of  imidazolymethyl  4(5)-nitroimidazole-5(4)-carboxylate 
followed  by  12  ml  of  25%  ammonia  solution  with  stirring;  the  mixture  was  heated  on  a  boiling  water  bath  for  5 
minutes  and  filtered  hot.«  The  picrate  formed  yellow  needles,  which  were  readily  soluble  in  water  and  somewhat 
less  so  in  alcohol.  It  sublimed  readily  on  heating.  The  free  ester  formed  fine  needles,  which  were  readily  soluble 
in  water  and  hot  alcohol  and  sublimed  without  melting. 

Ethyl  4(5)-Benzoylaminoimidazole-6(4)-carboxylate  (XI).  2  g  of  ethyl  4(6)-aminolmldazole-6(4)-carboxy- 
late  in  20  ml  of  dry  xylene  was  heated  on  an  oil  bath  and  stirred  vigorously  while  1.4  ml  of  benzoyl  chloride 
in  10  ml  of  xylene  was  added  dropwise.  The  reaction  mixture  was  heated  for  5  hours  at  the  boiling  point  of  xylene. 
The  product  was  collected,  dried  and  recrystallized  from  dilute  alcohol.  The  colorless  crystals  had  m.p.  190-191*. 
They  were  sparingly  soluble  in  water,  but  dissolved  readily  in  alcohol,  acetone  and  chloroform. 

SUMMARY 

A  series  of  esters  of  4(6)-aminolmldazole-5(4)-carboxyllc  acid  and  their  hydrochlorides  and  picrates  were 
prepared.  It  was  established  that  benzoylation  of  the  amino  group  lowered  the  toxicity  of  the  ethyl  ester  of  this 
acid  and  conferred  an  antispasmodlc  acitvity  on  it. 
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INVESTIGATIONS  IN  THE  FIELD  OF  BENZIMIDAZOLE  DERIVATIVES 


II.  1-(2',4’-DINITR0PHENYL)-BENZIMIDAZ0LE  and  l-METHYL-3-(2*.4’-DINrrRO- 
PHENYL)-BENZIMIDAZOLIUM  SALTS* 

A.  M.  Simonov  and  N.  D.  Vitkevich 
Rostov  State  University 


N-2,4-Dinltrophenyl  derivatives  of  compounds  from  the  benzimidazole  series  were  unknown  until  recently. 
l-(2',4'-Dlnltrophenyl)-2-methylbenzlmldazole  [2]  was  described  only  recently.  It  seemed  Interesting  to  us  to 
study  the  methods  of  synthesis  and  conversions  of  certain  representatives  of  this  class  and  the  benzlmldazollum 
salts  formed  from  them. 

We  obtained  l-(2',4'-dlnltrophenyl)-benzlmldazole  by  fusing  benzimidazole  with  2,4-dlnltrochlorobenzene 
or  by  heating  these  reagents  In  an  alcohol  solution  In  the  presence  of  sodium  acetate.  In  a  similar  way,  a  2,4- 
dinltrophenyl  radical  was  Introduced  Into  the  NH  group  of  2-methylbenzlmldazole.  Heating  2-amlno-2*,4'-dl- 
nitrodlphenylamlne  with  formic  acid  did  not  form  a  benzimidazole  drlvatlve;  evidently,  cycllzatlon  did  not 
occur  due  to  the  low  basicity  of  the  nitrogen  of  the  NH  group  and  the  process  stopped  at  the  acylation  stage.  B.  A. 
Poral-Koshits  and  Kh.  L.  Muravlch  [2]  were  able  to  convert  2-amlno-2*,4’-dlnltrodlphenylamlne  Into  l-(2*,4'- 
dinitrophenyl)-2-methylbenzlmldazole  only  by  heating  the  dlacetyl  derivative  of  this  diamine  with  4  N  hydro¬ 
chloric  acid  at  180*.*  * 

Fusing  l-(2’,4'-dinltrophenyl)-benzlmldazole  with  methyl  benzenesulfonate  formed  N-methyl-N'-(2*,4’- 
dinltrophenyl)-benzlmldazollum  benzenesulfonate.  A  salt  containing  the  same  cation  was  obtained  by  the  reac¬ 
tion  of  1-methylbenzlmldazole  with  2,4-dlnltrochlorobenzene.  The  Identity  of  the  cations  of  these  salts, caused 
by  redistribution  of  the  electron  density  In  the  cation  after  Its  formation,  was  demonstrated  by  conversion  of  the 
two  salts  to  the  same  Iodide.  Dlnltrochlorobenzene  also  formed  a  benzlmldazollum  salt  with  5-methoxy-l- 
methylbenzlmldazole  but  5-nltro-l-phenylbenzlmldazole  did  not  undergo  this  reaction. 

In  contrast  to  the  original  bases,  the  benzlmldazollum  salts  obtained  reacted  readily  with  aromatic  amines, 
forming  2,4-dlnltrophenylarylamlnes.  In  this  respect  they  were  reminiscent  of  chloro-2,4-dlnltrophenylates  of 
heterocyclic  bases,  which  can  also  arylate  aromatic  amines  by  eliminating  the  dlnltrophenyl  radical  weakly 
attached  to  the  onlum  N-atom  [4].  This  comparison  makes  It  possible  to  arrive  at  the  conclusion  that  the  bulk 
of  the  cationic  charge  In  N-methyl-N*-dlnltrophenylbenzlmldazollum  salts  Is  borne  by  the  nitrogen  atom  attached 
to  the  dlnltrophenyl  group  and,  consequently,  to  regard  chlorides  of  this  type  as  chloro-2,4-dlnltrophenylates  of 
N-methylbenzlmldazoles  (see,  for  example,  II). 

The  effect  of  the  dlnltrophenyl  radical  and  the  onlum  N-atom  produces  a  strong  reduction  In  the  electron 
density  at  the  C-atom  In  position  2  In  l-methyl-3-dlnltrophenylbenzlmldazollum  salts.*  *  *  This  atom  therefore 

*  For  communication  I  see  [1]. 

*  *On  the  basis  of  the  data  presented.  It  Is  hardly  possible  to  accept  that  the  compound  obtained  by  Nletzkl  and 
Ralllard  by  heating  2-amlno-2',4,4*-trlnltro-N-methyldlphenylamlne  with  acetic  anhydride  and  then  with  dilute 
sulfuric  acid  was  a  benzimidazole  derivative,  as  considered  by  the  authors  [3]. 

*  *  *For  the  distribution  of  electron  density  In  the  Imidazole  ring  of  benzimidazole  see  [5, 1]. 
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readily  undergoes  attack  by  a  hydroxyl  ion,  which  leads  to  the  formation  of  so-called  pseudobases.  The  reaction 
proceeds  readily  not  only  under  the  action  of  ammonia  and  sodium  carbonate,  as  was  observed,  for  example,  with 
benzlmidazollum  salts  containing  a  nitro  group  [6,  9],  but  even  with  such  a  weak  base  as  pyridine.*  The  pseudo- 
base*  *  formed  from  l-methyl-3-(2',4'-dinitrophenyl)-benzlmldazollum  salts  appeared  as  yellow  crystals  with 
m.p.  174-175*.  When  treated  with  dilute  hydrochloric  acid  in  the  cold  or  with  gentle  heating,  this  compound 
was  not  reconverted  into  the  original  benzimidazolium  salt  and  in  this  respect  it  differed  sharply  from  typical 
pseudobases  of  the  benzimidazole  series  [8].  On  prolonged  heating  with  20^  hydrochloric  acid,  the  pseudobase 
formed  a  solution,  which,  however,  did  not  contain  the  original  benzimidazolium  salt  since  making  it  alkaline 
liberated  a  precipitate  of  bright-red  crystals  with  m.p.  177*;  in  contrast  to  the  pseudobase,  this  substance  dissolved 
in  dilute  acids. 

In  accordance  with  contemporary  ideas  on  the  structure  of  the  products  of  alkali  treatment  of  benzimidazo¬ 
lium  salts  [7],  those  observations  led  us  to  assume  that  the  pseudobase  of  the  l-methyl-3-(2’,4’-dinltrophenyl)- 
benzimidazolium  salt  precipitated  as  one  of  the  isomeric  acyclic  forms.  The  effect  of  the  dinitrophenyl  group 
caused  instability  of  the  cyclic  (carbinol)  form  of  the  pseudobase  (III)  and  the  equilibrium  between  the  tautox-eric 
forms*  *  *  was  found  to  be  completely  displaced  toward  the  formation  of  the  acyclic  (amide)  fi*rm;  due  to  the 
structural  peculiarities  of  the  molecule,  the  dihydroimidazole  ring  of  form  (III)  opened  in  only  one  direction  and 
led  to  the  formation  of  only  one  acyclic  form,  namely,  2-(N-formylmethylamlno)-2’,4’-dlnltrodiphenylamine 
(IV).  There  is  no  doubt  that  Just  this  compound  was  formed  and  not  the  isom.  ric  2-methylamlno-2',4*-dlnltro- 
N-formyldiphenylamine  .l.?ce  only  the  former  of  these  has  no  group  with  a  basic  character  and  therefore  could 
not  react  with  dilute  hydrochloric  acid,  as  was  observed  experimentally.  Solution  of  the  pseudobase  on  prolonged 
heating  with  hydrochloric  acid  was  evidently  caused  by  elimination  of  the  formyl  from  the  methylamino  group, 
due  to  which  salt  formation  became  possible. 


(H)  CjH,{N0z)t 


ArNHC,H,(NOi)i 


CH, 

I 


I  (III)  CgH,(N0,)z 


ONHCH, 
NH, 


CHj 

0N-CH0 
NH 

C6H,(N0,), 
HCOOH  I  |h,0,H 

ONHCH, 

NHCjHjlNO,), 

(V) 


The  accuracy  of  the  hypotheses  presented  was  demonstrated  by  synthesis  of  the  deformylated  pseudobase 
(V).  This  compound  was  found  to  be  identical  with  the  condensation  product  of  2,4-dinitrochIorobenzene  and 
N-methyl-o-phenylenediamine  and  thus  its  structure  was  undoubtedly  that  of  2-methylamino-2*,4’-dinltrodi- 
phenylamine.  As  was  expected,  heating  it  with  formic  acid  reconverted  it  into  the  pseudobase  (IV). 

Due  to  the  low  electron  density  at  the  carbon  atom  in  position  2  in  N-dinitrophenylbenzimidazole,  it 
seemed  that  it  should  have  readily  undergone  nucleophilic  substitution.  Nonetheless,  experiments  on  the  amina- 
tion  of  this  compound  and  also  5-nitro-l-phenylbenzimidazole  with  hydroxylamine  did  not  give  positive  results 
as  was  also  observed  previously  for  benzimidazole  derivatives  of  simpler  structure  [10].  Consequently,  in  this 
respect4 -substituted  benzimidazoles  differ  from  derivatives  of  benzthiazole  [11]  and  quinoline  [12],  which  are 
readily  aminated  by  hydroxylamine.  Due  to  the  high  sensitivity  of  the  benzimidazolium  salts  we  synthesized  to 
bases,  the  action  of  hydroxylamine  on  them  could  not  be  studied. 

*  Benzimidazolium  salts  not  containing  electrophilic  substituents  are  converted  into  pseudobases  by  heating  with 
a  concentrated  solution  of  caustic  alkali  [7]. 

*  *  We  will  arbitrarily  assign  this  name  to  the  product  formed  by  the  action  of  alkaline  agents  on  these  salts. 

*  *  *The  problem  of  the  tautomerism  of  pseudobases  from  the  benzimidazole  series  was  examined  in  one  of  the 
previous  communications  [9]. 
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EXPERIMENTAL 

1- (2*,4*-Dlnltrophenyl)-benzltnldazole.  2.46  g  of  benzimidazole,  4.3  g  of  2,4-dlnltrochlorobenzene  and 
2.7  g  of  crystalline  sodium  acetate  were  dissolved  In  15  ml  of  alcohol;  the  solution  was  boiled  on  a  water  bath 
for  3  hours  under  reflux,  the  volume  adjusted  to  80  ml  with  alcohol  and  the  solution  heated  and  filtered  hot.  The 
precipitate  which  formed  on  cooling  was  ground  with  ether,  collected  by  filtration  and  recrystalllzed  from  alcohol. 
The  golden-yellow  crystals  had  m.p.  176*  and  were  readjly  soluble  In  chloroform  and  difficultly  so  in  benzene 

and  ether.  The  yield  was  4.9  g  (83%). 

The  compound  was  also  obtained  by  fusing  1.7  g  of  benzimidazole  with  2.75  g  of  2,4-dlnltrochlorobenzene 
at  90-100*  for  2  hours.  The  melt  was  cooled  and  ground  with  ether.  The  precipitate  was  collected  and  recrys¬ 
tallized  from  alcohol.  The  yield  was  3.0  g.  The  presence  of  potassium  fluoride  did  not  promote  the  reaction 
(cf.  [13]). 

Found  %;  C  55.21,  54.81;  H  3.28,  3.02;  N  19.83,  19.81.  Ci3Hg04N4.  Calculated  %;  C  54.94;  H  2.84; 

N  19.71. 

2- Formylamlno-2*,4*-dlnltrodlphenylamlne.  A  solution  of  1.0  g  of  2-amlno-2',4'-dinltrodlphenylamine 
In  10  ml  of  85%  formic  acid  with  the  addition  of  2  drops  of  hydrochloric  acid  was  boiled  for  3  hours  under  reflux. 
The  cooled  mixture  was  diluted  with  water  and  neutralized  with  ammonia.  The  yield  was  1.0  g  (90%).  The 
yellowish  white  crystals  (from  alcohol)  with  m.p.  183*  were  soluble  In  hot  benzene  and  insoluble  In  dilute  hydro¬ 
chloric  acid. 

Found  %:  N  18.47,  18.62.  Ci,Hio06N4.  Calculated  %:  N  18.54. 

l-Methyl-3-(2*,4*-dlnltrophenyl)-benzlmldazollum  Benzenesulfonate.  A  mixture  of  0.20  g  of  l-(2*,4*- 
dinltrophenyl)-benzlmidazole  with  0.15  g  of  methyl  benzenesulfonate  was  heated  to  135*  and  heated  at  this 
temperature  for  a  further  15  minutes.  The  cooled  melt  was  ground  with  benzene  and  the  precipitate  collected. 
The  yield  was  0.30  g.  The  greenish  yellow  crystals  (from  alcohol)  had  m.p.  208*  and  were  readily  soluble  in 
water. 

Found  %;  C  52.84,  52.66;  H  3.83,  3.69;  S  7.08,  6.89.  C,oHie07N4S.  Calculated  %:  C  52.63;  H  3.63; 

S  7.03. 

l-Methyl-3-(2*,4*-dlnltrophenyl)-benzlmtdazollum  Iodide.  The  compound  was  obtained  by  adding  a  50% 
solution  of  potassium  Iodide  to  a  saturated  aqueous  solution  of  l-methyl-3-(2',4*-dinltrophenyl)-benzlmidazollum 
benzene  sulfonate  or  chloride.  The  bri^t  orange  crystals  (from  alcohol)  had  m.p.  197*. 

Found  %:  129.91,  29.93.  C14HUO4N4L  Calculated  %:  129.78. 

1- Methyl-3-(2*,4*-dlnltrophenyl)-benzlmldazollum  Chloride  (11).  A  mixture  of  1.0  g  of  1-methylbenzimi- 
dazole  and  2.0  g  of  2,4-dlnitrochlorobenzene  was  heated  on  a  boiling  water  bath  for  2-3  hours  with  periodic 
stirring.  The  cooled  melt  was  ground  with  ether  and  filtered.  The  precipitate  was  recrystalllzed  from  alcohol. 
The  yield  was  2.0  g  (79%).  The  white  crystals  with  m.p.  232-233*  were  readily  soluble  In  water.  The  chloride 
was  not  formed  in  acetone  (cf.  [16]). 

Found  %:  Cl  10.53,  10.67.  C14HUO4N4CI.  Calculated  %;  Cl  10.59. 

Interaction  of  l-MethyI-3-(2*,4*-dlnltropheriyl)-benzlmldazollum  Salts  With  Aromatic  Amines.  A  mix¬ 
ture  of  0.70  g  of  l-methyl-3-(2*,4*-dinitrophenyl)-benzimidazollum  benzenesulfonate  and  0.60  g  of  aniline  was 
heated  to  100*  on  a  water  bath  over  a  period  of  0.5  hours  and  then  heated  on  a  boiling  water  bath  for  a  further 
2-3  hours.  The  cooled  mixture  was  treated  with  7  ml  of  10%  hydrochloric  acid  and  the  precipitate  collected  and 
washed  with  water.  The  product  obtained  melted  at  167*;  a  mixed  melting  point  with  authentic  2,4-dinitrodi- 
phenylamlne  was  not  depressed.  The  yield  was  0.35  g  (87%). 

The  Interaction  of  0.20  g  of  l-methyl-3-(2',4*-dinitrophenyl)-benzlmidazolium  chloride  with  0.15  g  of 
p-anlsidine  under  the  same  conditions  yielded  0.14  g(82%)  of  a  substance  with  m.p.  141*,  which  was  4-methoxy- 
2*  ,4*-dlnlttodlphenylamlne. 

2- (N-Pormylmethylamlno)-2*,4*-dlnltrodlphenylamlne  [pseudobase  of  l-methyl-3-(2*,4*-dlnltrophenyl)- 
benzlmldazollum  salts]  (IV).  To  a  solution  of  0.5  g  of  l-methyl-3-(2’,4’-dlnltrophenyl)-benzlmidazolium 
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chloride  in  15  ml  of  water  was  gradually  added  1  ml  of  25%  ammonia.  When  rubbed  with  a  rod,  the  viscous 
orange  precipitate  initially  formed  changed  to  yellow  crystals,  which  were  collected,  washed  with  water  and  re- 
crystallized  from  alcohol.  The  yield  was  almost  quantitative.  The  light*yellow  crystals  with  m.p.  174-175*  were 
readily  soluble  in  chloroform.  The  pseudobase  was  also  formed  in  quantitative  yield  by  the  action  of  sodium 
carbonate  and  pyridine  in  the  cold  or  excess  sodium  acetate  on  heating. 

The  compound  was  also  obtained  by  heating  a  mixture  of  0.80  g  of  1-methylbenzimidazole  and  1.2  g  of 
2,4-dinitrochlorobenzene  with  2  ml  of  alcohol  on  a  water  bath  for  2  hours.  The  yield  was  0.90  g  (47%).  The 
formation  of  a  pseudobase  under  these  conditions  is  evidently  explained  by  decomposition  of  the  quaternary  salt 
formed  in  the  first  stage  of  the  reaction  under  the  action  of  a  base,  namely,  the  utueacted  1-methylbenzlmidazole. 
Actually,  heating  an  alcohol  solution  of  l-methyl-3-(2',4'-dinitrophenyl)-benzimidazolium  chloride  with  1-methyl 
benzimidazole  formed  the  pseudobase.  The  salt  was  not  decomposed  in  the  absence  of  1-methylbenzimidazole. 

Found  %:  C  52.95,  53.22;  H  4.04  ,  3.84;  N  17.82,  17.70.  Ci4Hi,05N4.  Calculated  %:  C  53.17;  H  3.82; 

N  17.72. 

2-MethyIamlno-2',4'-dinitrodiphenylamine  (V).  a)  A  solution  of  0.50  g  of  N-methyl-o-phenylenediamine 
dihydrochloride  0.60  g  of  2,4-dinitrochlorobenzene  and  2.1  g  of  sodium  acetate  in  15  ml  of  alcohol  was  boiled 
for  2  hours;  the  precipitate  formed  was  collected  and  recrystallized  from  alcohol.  The  yield  was  0.60  g  (80%). 

The  brigh^red  crystals  with  m.p.  177*  were  soluble  in  dilute  hydrochloric  acid.  When  heated  to  boiling  over  a 
period  of  0.5  hours  with  formic  acid,  the  compound  was  converted  to  2-(N-formylmethylamino)-2',4'-dinitro- 
diphenylamine  [pseudobase  (IV)]. 

The  starting  N-methyl-o-phenylenediamine  dihydrochloride  [14]  was  obtained  by  reduction  of  N-methyl-o- 
nitroaniline,  synthesized  from  N-benzenesulfonyl-o-nitroaniline  [15]. 

b)  A  suspension  of  0.30  g  of  pseudobase  with  structure  (IV)  in  15  ml  of  hydrochloric  acid  (1:  2)  was  boiled 
for  1-2  hours  until  the  precipitate  dissolved.  The  cooled  solution  was  neutralized  with  ammonia.  The  precipitate 
was  collected,  washed  with  water  and  recrystallized  from  alcohol.  The  yield  was  0.22  g(81%).  The  bright-red 
crystals  had  m.p.  177*.  A  mixed  melting  point  of  this  product  and  2-methylamino-2',4'-dinitrodiphenylamine, 
obtained  according  to  ”a",  was  not  depressed. 

Found  %:  C  54.01,  54.20;  H  4.25,  4.24;  N  19.59,  19.50.  Ci,Hu04N4.  Calculated  %:  C  54.16;  H  4.20; 

N  19.44. 

l,2-Dlmethyl-3-(2*,4*-dlnitrophenyl)-benzlmidazollum  Benzenesulfonate.  This  compound  was  obtained 
in  almost  quantitative  yield  by  fusing  2.0  g  of  l-(2',4’-dinitrophenyl)-2-methylbenzimidazole  with  2.72  g  of 
methyl  benzenesulfonate  at  90*  for  15-20  minutes.  The  greenish  yellow  crystals  (from  alcohol)  with  m.p.  227- 
228*  were  soluble  in  water.  The  introduction  of  ammonia  to  an  aqueous  solution  of  the  salt  precipitated  a 
pseudobase;  treatment  of  this  with  boiling  hydrochloric  acid  (1 :2)  and  then  ammonia  yielded  a  substance  with 
m.p.  177*,  which  was  identical  with  the  deformylation  product  from  the  pseudobase  (IV). 

Found  %:  S  6.69,  6.85.  C,iHi,07N4S.  Calculated  %:  S  6.82. 

We  prepared  the  starting  l-(2*,4’-dinitrophenyl)-2-methylbenzimidazole,  which  was  described  previously 
[2],  by  fusing  equimolecular  amounts  of  2-methylbenzimidazole  and  2,4-dinitrochlorobenzene  at  120*  for  3 hours 
or  by  heating  these  reagents  in  an  alcohol  solution  in  the  presence  of  sodium  acetate.  In  contrast  to  benzimidazole 
itself,  under  these  conditions  its  2-methyl  derivative  did  not  form  the  free  base  but  the  hydrochloride  (m.p.  210*). 
For  preparing  the  base,  a  solution  of  the  salt  in  alcohol  was  treated  with  ammonia. 

l-Methyl-3-(2*,4*-dlnitrophenyl)-5-methoxybenztmldazolium  Chloride.  To  prevent  tar  formation, 
l-methyl-5-methoxybenzimidazole  had  to  be  heated  with  dlnitrochlorobenzene  at  a  lower  temperature  than  in 
the  case  of  1-methylbenzimidazole,  but  for  a  longer  time.  The  experiment  was  carried  out  at  60*  for  5  hours. 

The  melt  was  dissolved  in  the  minimal  amount  of  alcohol  and  the  solution  diluted  with  five  times  the  volume  of 
ether.  The  precipitate  was  collected  and  washed  with  ether.  The  yield  was  44%.  The  colorless  crystals  (from 
a  mixture  of  alcohol  and  ether)  with  m.p.  210*  were  readily  soluble  in  water.  Addition  of  ammonia  to  an  aqueous 
solution  of  the  salt  liberated  a  viscous,  orange  precipitate  of  the  pseudobase,  which  rapidly  became  yellow. 

Found  %:  Cl  9.59,  9.65.  C15H1JO5N4CI.  Calculated  %:  Cl  9.72. 
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SUMMARY 


1.  When  treated  with  2,4-dlnitrochlorobenzene,  benzimidazole  and  its  2-methyl  derivative  readily  formed 
N-dlnitrophenyl  derivatives. 

2.  1-Methylbenzlmldazoles  reacted  with  2,4-dlnltrochlorobenzene  to  form  l-methyl-3-(2',4’-dlnltrophenyl) 
benzlmidazolium  salts.  Salts  with  the  same  cation  could  also  be  obtained  starting  from  N-dinitrophenylbenziml- 
dazole  and  its  derivatives. 

3.  l-Methyl-3-(2',4'-dlnltrophenyl)-benzimldazolium  salts  reacted  with  aromatic  amines  with  the  elimi¬ 
nation  of  the  dinitrophenyl  radical  and  the  formation  of  dlphenylamlne  derivatives. 

4.  The  action  of  alkaline  agents  on  l-methyl-3-(2',4'-dlnltrophenyl)-benzimldazollum  salts  produced 
opening  of  the  imidazole  ring  and  the  formation  of  one  of  the  isomeric  amide  (acyclic)  forms  of  the  pseudobase, 
namely,  2-(N-formylmethylamlno)-2*,4'-dlnltrodiphenylamine.  The  structure  of  the  deformylation  product  of 
the  pseudobase  was  demonstrated  by  synthesis. 

5.  New  evidence  was  obtained  of  the  existence  of  so-called  pseudobases  of  benzlmidazolium  salts  in 
acyclic  forms. 
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CYANINE  DYES  CONTAINING  FLUORINE 

VII.  SYNTHESIS  OF  CYANINE  DYES  FROM  6 -T RIF LUOROMET HYL¬ 
AND  6-TRIFLUOROMETHYLSULFONYLBENZIMIDAZOLE 

V 

\ 

L.  M.  Yagupol'ikll  and  V.  I.  Troittkaya 

Inititute  of  Organic  Chemistry  Academy  of  Sciences,  Ukrainian  SSR 


Cyanine  dyes  that  are  derivatives  of  benzimidazole  have  received  little  attention.  The  simplest  dye  of 
this  series,  l,l',3,3'-tetramethylimidocarbocyanine  iodide,  was  prepared  by  Ogata  [1]  and  then  A.  L  Kiprianov 
[2], 


who  investigated  its  absorption  spectrum  in  the  visible  and  ultraviolet  parts  of  the  spectrum.  A  series  of  patents 
on  the  preparation  of  symmetrical  and  unsymmetrical  imidocarbocyanines  and  their  application  to  the  sensitiza¬ 
tion  of  photographic  emulsions  was  taken  out  by  the  firm  I.  G.  Farben  Industrie  [3].  These  dyes  contained  methyl 
or  alkoxyl  groups  and  also  a  chlorine  atom  in  the  hetero  residues.  This  firm  took  out  a  separate  patent  on  un¬ 
symmetrical  dyes  containing  a  trifluoromethyl  group  in  the  benzimidazole  residue  [4].  Patents  were  recently 
taken  out  on  the  use  of  5,6'-dlchloro-,  5,6*,6,6'-tetrachloro-,  5,5'-dlbromo-  and  6,6’-dlacetyllmldocarbocyanines 
in  a  mixture  with  other  dyes  [6]. 

The  purpose  of  the  present  work  was  to  synthesize  imidocarbocyanines  containing  the  electron -acceptor 
trifluoromethyl  and  trifluoromethylsulfonyl  groups  as  substituents.  The  benzimidazole  derivatives  required  for 
this  were  synthesized  according  to  the  scheme 
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The  bases  obtained  were  converted  into  quaternary  salts: 
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Ji  ==  CF, .  (;i.’,SO,; 

tt*C|oI  lit 

u*  =  (;ii3, 


These  quaternary  salts  were  used  to  synthesize  the  cyanine  dyes  whose  formulas  and  absorption  maxima  in 
ethyl  alcohol  are  presented  in  Tables  1  and  2.  The  absorption  maxima  of  dyes  not  containing  trifluoromethyl 
groups  are  given  in  brackets.  The  absorption  curves  were  plotted  on  an  SF-4  spectrophotometer.  The  symmetrical 
imidocarbocyanines  were  obtained  by  boiling  the  quaternary  salts  with  orthoformic  ester  in  nitrobenzene  by  Van 
Dormael's  method  [6]. 

The  introduction  of  trifluoromethyl  [7]  and  trifluoromethylsulfonyl  groups  [8]  into  the  benzthiazole  ring  of 
thiacarbocyanine  hardly  changed  the  absorption  maximum  of  the  dye.  With  imidocarbocyanine  containing  a 
trifluoromethyl  group  in  position  6  (I),  the  absorption  maximum  was  displaced  towards  longer  wavelengths  by 
9  m/j  and  by  24  mp  when  a  trifluoromethylsulfonyl  group  was  introduced  (V).  Table  2  gives  the  formulas  and 
absorption  maxima  of  two  unsymmetrical  cyanine  dyes  and  two  rhodocyanines.  The  unsymmetrical  imidocarbo¬ 
cyanine  with  a  CF3  group  (X)  obeyed  A.  I.  Kiprianov's  rule  [9]  on  the  hypsochromic  shift  of  the  absorption  maximum 
(a  deviation  of  the  arithmetic  mean  of  the  two  mother  dyes  by  11  mp  towards  shorter  wavelengths).  It  is  interesting 
that  replacement  of  the  methyl  by  ethyl  radicals  at  the  N  atoms  of  the  benzimidazole  nucleus  produced  a  con¬ 
siderable  change  in  the  absorption  maximum  of  imidocarbocyanines.  Thus,  for  example,  replacement  of  two 
methyl  by  ethyl  radicals  [dyes  (III)  and  (IV),  and  (VI)  and  (VII)]  produced  a  shift  in  the  absorption  maximum 
towards  longer  wavelengths  by  7-8  mp  and  replacement  of  four  methyls  by  ethyl  radicals  [dyes  (I)  and  (II)],  a 
shift  of  13  mp.  Replacement  of  a  phenyl  radical  by  a  naphthyl  did  not  affect  the  absorption  maximum  [dyes 
(Vll)  and  (VIII)]. 

Data  on  the  photographic  properties  of  the  cyanine  dyes  containing  fluorine  will  be  reported  later. 

EXPERIMENTAL 

3-Nitro-4-chlorobenzotrifluoride  was  prepared  from  p-chlorotoluene  [10].  The  latter  was  chlorinated  in 
the  side  chain,  the  chlorine  replaced  by  fluorine  with  antimony  trifluoride  and  the  product  obtained  was  nitrated 
[11]. 

2-Nitro-4-trifluoromethyldiphenylamlne.  31  g  of  3-nitro-4-chlorobenzotrifluoride  and  62  g  of  aniline 
were  heated  on  an  oil  bath  for  3.5  hours  at  140-150".  The  precipitate  that  formed  on  cooling  was  transferred  to 
a  10'7o  solution  of  hydrochloric  acid,  the  precipitate  collected  by  filtration  and  washed  with  10%  hydrochloric 
acid  and  water.  The  yield,  after  the  product  had  been  recrystallized  from  methyl  alcohol,  was  37  g  (95.3%)  and 
the  m.p.  84-85". 

Found  %:  N  9,68,  9.80.  CiaHgOiNjFj.  Calculated  %:  N  9.93. 

2-Amino-4-trifluoromethyldiphenylamine.  37  g  of  2-nitro-4-trifluoromethyldiphenylamine  was  dissolved 
in  150  ml  of  methyl  alcohol  and  heated  with  a  solution  of  118.4  g  of  stannous  chloride  in  93  ml  of  concentrated 
hydrochloric  acid  for  3  hours  on  a  boiling  water  bath.  When  the  product  had  been  recrystallized  from  aqueous 
methyl  alcohol,  the  yield  was  29.6  g  (90.0%)  and  the  m.p.  102-104". 

Found  %:  N  11.04,  10.82.  CijHhNjFj.  Calculated  %:•  N  11.11. 

2- Methyl-3-phenyl-6-trlfluoromethyIbenzimidazole.  A  solution  of  6  g  of  2-amino-4-trifluoromethyldi- 
phenylamine  in  20  ml  of  benzene  was  mixed  with  a  solution  of  3.6  g  of  acetyl  chloride  in  5  ml  of  benzene  and 
boiled  for  2  hours.  The  benzene  was  removed  in  distillation  and  the  product  dissolved  in  water,  acidified  with 
hydrochloric  acid.  The  base  was  precipitated  with  ammonia.  The  yield  was  5.9  g(89.5%)  and  the  m.p.  117-118" 
(from  aqueous  methyl  alcohol). 

’  Found  %:  N  10.00,  10.09.  CisHnNiFj.  Calculated  %:  N  10.11. 

3- Nitro-4-aminobenzotrlfluoride  was  obtained  from  3-nitro-4-chlorobenzotrifluoride  [11]. 
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3,4,-Dtanitnobenzotrlfiuorlde  was  obtained  by  reduction  of  3“nitro-4-aminobenzotrifluoride  [12]. 

2- Methyl-6-trlf!uoromethylbenzlmldazole.  7.74  g  of  3,4-dian)inobenzotrlfluo»’lde,  12  ml  of  acetic  anhy¬ 
dride  and  39  ml  of  Ib'^k  hydrochloric  acid  were  mixed  and  boiled  for  2  hours.  The  base  was  precipitated  with 
ammonia.  When  the  product  had  been  recrystallized  from  aqueous  alcohol,  the  yield  was  7.6  g  (86.4*^)  and  the 
m.p.  187-188*. 

Found  7o:  N  14.06,  14.27.  CjM^NiFj.  Calculated  %.  N  14.00. 

3- Nitro-4-ethylaminophenyl  Trifluoromethyl  Sulfone.  1  g  of  3-nltro-4-chlorophenyl  trifluoromethyl 
sulfone  (m.p.  55-56’  [8])  was  heated  with  2.2  ml  of  a  20'’/<’  alcohol  solution  of  ethylamine  in  a  sealed  tube  for 
2.5  hours  at  90-100*  and  for  5  hours  at  110*.  The  precipitate  was  collected  and  washed  with  water.  After  recry- 
stallization  of  the  product  from  alcohol,  the  yield  was  0.85  g  (82.5%)  and  the  m.p.  105-107*. 

Found  7o:  N  8.85,  8.99.  CjHANjSFj.  Calculated  %:  N  9.39. 

3-Amino-4-ethylaminophenyl  Trifluoromethyl  Sulfone.  A  solution  of  2.84  g  of  3-nitro-4-ethylaminophenyl 
trifluoromethyl  sulfone  in  20  ml  of  alcohol  was  mixed  with  a  solution  of  7.5  g  of  stannous  chloride  in  16  ml  of 
concentrated  hydrochloric  acid  and  boiled  for  1  hour.  After  recrystallization  of  the  product  from  benzene,  the 
yield  was  2.18  g  (85.0%)  and  the  m.p.  146-147*. 

Found  7o:  N  10.20,  10.13.  CaHnO^NjSFj.  Calculated  %:  N  10.45. 

2-Methyl-3-ethyl-6-trifluoromethylsulfonylbenzimidazole.  A  solution  of  2.1  g  of  3-amino-4-ethylamlno- 
phenyl  trifluoromethyl  sulfone  in  3  ml  of  benzene  was  mixed  with  a  solution  of  1.23  g  of  acetyl  chloride  in  2  ml 
of  benzene  and  boiled  for  3  hours.  The  benzene  was  removed  by  distillation,  the  solid  residue  dissolved  in  20% 
hydrochloric  acid  and  the  base  precipitated  with  ammonia.  After  recrystallization  of  the  product  from  aqueous 
methyl  alcohol,  the  yield  was  2.13  g  (93.0%)  and  the  m.p.  163-164*. 

Found  7o:  N  9.63,  9.69.  CuHnO^NiSF,.  Calculated  N  9.60. 

2-Methyl-3-phenyl-6-trifluoromethylsulfonylbenzimidazole  had  m.p.  190-191’  [8]. 

2-Nitro-4-trifluoromethylsulfonylphenyl-a-naphthylamine.  5  g  of  3-nitro-4-chlorophenyl  trifluoromethyl 
sulfone  and  10  g  of  a-naphthylamine  were  heated  on  an  oil  bath  for  6  hours  at  130-140*  and  at  the  end  the  tem¬ 
perature  was  raised  to  170*.  The  a-naphthylamine  was  washed  out  by  boiling  with  a  large  amount  of  10%  hydro¬ 
chloric  acid  and  washing  with  water  and  a  small  amount  of  hot  methyl  alcohol.  When  the  product  had  been  re¬ 
crystallized  from  methyl  alcohol,  the  yield  was  6.13  g(90.0%)  and  the  m.p.  130-131*. 

Found  7o:  N  7.38,  7.36.  Ci7Hn04N2SF5.  Calculated  %:  N  7.07. 

2 -Amino-4-trifluoromethylsulfonylphenyl- a-naphthylamine.  A  suspension  of  5.12  g  of  2-nitro-4-trifluoro- 
methylsulfonylphenyl- a-naphthylamine  in  20  ml  of  alcohol  was  mixed  with  a  solution  of  10.2  g  of  stannous 
chloride  in  7.3  ml  of  hydrochloric  acid  and  boiled  for  2  hours  on  a  water  bath.  After  recrystallization  of  the 
product  from  aqueous  methanol,  the  yield  was  4.3  g(92.0%)  and  the  m.p.  170-171*. 

Found  7o:  N  8.09,  7.91.  C17H13O2N2SF3.  Calculated  N  7.65. 

2-Methyl-3-naphthyl-6-trifluoromethylsulfonylbenzimidazole.  A  mixture  of  0.9  g  of  2-amino-4-trifluoro- 
methylsulfonylphenyl- a-naphthylamine  and  30  ml  of  acetic  anhydride  was  boiled  for  4.5  hours,  30  ml  of  4  N 
hydrochloric  acid  added  and  the  mixture  boiled  for  a  further  2  hours.  The  acetic  and  hydrochloric  acids  were 
removed  in  a  water  pump  vacuum.  The  product  was  dissolved  by  boiling  with  30  ml  of  4  N  hydrochloric  acid 
and  the  base  precipitated  with  ammonia.  After  recrystallization  of  the  product  from  aqueous  methyl  alcohol, 
the  yield  was  0.6  g  (62.5%)  and  the  m.p.  150-152*. 

Found  7o:  N  7.35,  7.46.  Ci9Hi30iN2SF3.  Calculated  N  7.18. 

Methylmethosulfate  of  2,3-dimethyl-6-trifluoromethylbenzimidazole  (A)  was  obtained  by  heating  1  mole 
of  base  with  3  moles  of  dimethyl  sulfate  for  4  hours  at  110-120*.  The  product  was  washed  with  ether  and  the 
iodide  precipitated  by  the  addition  of  a  saturated  solution  of  potassium  iodide. 

The  ethyltosylate  of  2- methyl-3-ethyl-6-trifluoromethylbenzimidazole  (B)  was  obtained  by  heating  1 
mole  of  base  with  3  moles  of  ethyl  p-toluenesulfonate  for  5  hours  at  140-150*.  The  product  was  washed  with 
ether  and  the  iodide  precipitated  by  the  addition  of  a  saturated  solution  of  potassium  iodide. 
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The  mcthyhncthosiilfatcs  of  2-Tncthyl-3-phenyl-6-trlfluoromethyl-  (C)  and  2-methyl-3-phenyl-6-trlfluoro- 
inethylsulfonylbcnzlmldazolc  (P)  were  obtained  by  heating  1  mole  of  base  with  1.2  moles  of  dimethyl  sulfate  for 
5  hours  at  110-120*.  The  cooled  product  was  washed  with  ether,  dissolved  In  water  and  the  Iodide  or  perchlorate 
precipitated  by  the  addition  of  a  saturated  solution  of  potassium  Iodide  or  sodium  perchlorate. 

The  ethyltosylates  of  2-methyl-.'l-phenyl-  (E),  2-mcthyl-3-ethyl-  (F),  2-methyl-3-naphthyl“6-trlfluoro- 
methylsulfonylbcnzimidazole  (G)  and  2-methyl-3-phenyl-6-trinuoromethylbenzimidazole  (H)  were  obtained  by 
heating  1  mole  of  base  with  1.2  moles  of  ethyl  p-toluenesulfonate  for  4-5  hours  at  140-150*.  On  cooling,  the 
quaternary  salts  solidified  and  were  washed  with  ether.  The  Iodides  or  perchlorates  were  precipitated  from  aqueous 
solutions  of  the  ethyltosylates  of  the  quaternary  salts  with  a  saturated  aqueous  solution  of  potassium  iodide  or 
sodium  perchlorate. 

Dyes.  All  the  symmetrical  dyes  (see  Table  1)  were  prepared  by  boiling  2  g  of  quaternary  salt  with  2  mlof 
orthoformlc  ester  and  10  ml  of  nitrobenzene;  they  were  preclpated  and  washed  with  ether.  Table  3  gives  the 
preparation  conditions,  yields  and  melting  points  of  the  symmetrical  Imidocarbocyanlnes. 

The  unsymmetrlcal  dyes  and  rhodocyanlnes  were  obtained  In  the  following  way. 

l-Ethyl-3-phenyl-6-trlfluoromethylsulfonylbenzlmldazole-(2)-3*-ethylbenzthlazole-(2*)-monomethyne- 
cyanlne  Perchlorate  (IX).  0.47  g  of  the  ethylperchlorate  of  2-methyl-3-phenyl-6-trifluoromethylsulfonylbenz- 
imldazole,  0.34  g  of  the  lodoethylate  of  2-methylmercaptobenzchlazole,  0.1  g  of  trlethylamine  and  6  ml  of 
anhydrous  alcohol  were  boiled  for  1  hour  and  left  overnight  and  then  the  dye  collected,  washed  with  water  and 
recrystallized  from  alcohol.  The  product  formed  yellow  needles.  The  yield  was  0.16  g  (25.470)  and  the  m.p. 
189-191*  (with  decomp.). 

Found  7o:  N  6.60,  6.55.  CjjHjjOeNjStClFs.  Calculated  7o;  N  6.67. 

l-Ethyl-3-phenyl-6-trlfluoromethylbenzimidazole-(2)-3*-ethylbenzthiazole-(2')-trimethynecyanlne 
Perchlorate  (X).  0.43  g  of  2-methyl-3-phenyl-6-trifluotomethylbenzimldazole  lodoethylate,  0.45  g  of  2-u;- 
acetanllldovlnylbenzthlazole  lodoethylate,  5  ml  of  anhydrous  alcohol  and  0.1  g  of  trlethylamine  were  boiled 
together  for  2  hours.  The  dye  obtained  was  converted  into  the  perchlorate.  On  recrystalllzatlon  from  alcohol, 
it  formed  dark  red  prisms.  The  yield  was  0.09  g  (15.37®)  and  the  m.p.  254-256*  (with  decomp.). 

Found  7o:  N  7.23,  7.25.  C,8H,504NjSClFs.  Calculated  7®:  N  7.10. 

1' -Ethyl-3' -phenyl-6'-trifluoromethylsulfonylbenzimldazole -(2')-3-ethyl -4-keto-5-[(3" -ethyl -6",7"- 
tetramethylenebenzthlazollnylldene-^'')-<x-phenylethylidene]-thlazole-(2)-methynecyanine  Perchlorate  (XI). 

0.48  g  of  3-ethyl-4-keto-5-[(3'-ethyl-6',7’-tetramethylenebenzthiazolinylidene-2')-a-phenylethylidene]-mero- 
cyanine  and  0.38  g  of  dimethyl  sulfate  were  heated  at  120-125*  for  30  minutes.  The  crimson  melt  obtained 
solidified  to  a  crystalline  mass,  which  was  washed  with  absolute  ether.  To  the  reaction  mass  was  added  0.5  g 
of  2-methyl-3-phenyl-6-trifluoromethylsulfonylbenzimidazole  ethylperchlorate  and  4  ml  of  pyridine  and  the 
mixture  heated  for  3  hours  with  a  bath  temperature  of  125*.  The  product  was  recrystallized  from  alcohol.  It 
formed  black  needles.  The  yield  was  0.07  g  (7.657®)  and  the  m.p.  244-246*  (with  decomp.). 

Found  7®:  N  5.6,  5.72.  C43H40O7N4S8FJCI.  Calculated  7®:  N  6.13. 

1' -Ethyl-3' -phenyl-6’ -trifluoromethylbenzlmldazole-(2')-3-ethyl-4-keto-5-[(3" -ethyl-6", 7  "-teira- 
metnyleneDenztnlazolinylidene-2")-a-phenyletbylldene]-iniazole-(2)-meinynecyanlne  Perchlorate  (XII).  This 
substance  was  obtained  analogously  to  the  j^evious  dye  from  0,4  g  of  the  same  merocyanine  0.38  g  of  dimethyl 
sulfate  and  0.5  g  of  3-phenyl-6-trifluoromethylbenzimidazole  ethylperchlorate.  The  product  was  recrystallized 
from  alcohol.  It  formed  black  needles.  The  yield  was  0.08  g  (9.^)  and  the  m.p.  299-301“  (with  decomp.). 

Found  7>;  S  7.54  7.62.  C45H40O5N4S1CIF3.  Calculated  7):  S  7.54; 

SUMMARY 

The  synthesis  of  2-methyl-3-phenyl-6-trifluoromethyl-  and  2-methyl-3-ethyl-6-trinuoromethylsulfonyl- 
benzimidazoles  is  described.  These  bases  and  also  2-methyl-3-phenyl-6-trifluoromethylsulfonylbenzimidazole 
which  we  described  previously  were  converted  into  quaternary  salts  from  which  we  obtained  8  symmetrical 
imidocarbocyanlnes,  2  unsymmetrlcal  ones  and  2  rhodocyanlnes.  It  was  shown  that  the  introduction  of  a  trifluoro- 
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methyl  group  Into  position  6  of  the  benzimidazole  nucleus  produced  a  shift  in  the  absorption  maximum  toward 
longer  wavelengths  by  9  mp  and  a  trifluoromethylsulfonyl  group  by  24  mp  in  comparison  with  unsubstituted 
1  l’,3.3’-tetraethylimidocarbocyanlne. 
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STUDY  OF  THE  REACTION  OF  CHROMATE  WITH  DIPH  E  NY  LC  A  RB  A  Z  ID  E 


A.  K.  Babko  and  T.  E.  Get'man 

Institute  of  General  and  Inorganic  Chemistry  Academy  of  Sciences  Ukrainian  SSR 

The  formation  of  an  intensely  colored  compound  by  the  interaction  of  chromates  with  diphenylcarbazide 
(subsequently  referred  to  as  DC)  has  been  used  widely  in  chemical  analysis.  Nonetheless,  the  problem  of  the 
chemistry  of  this  reaction  still  produces  lively  discussion.  There  are  two  main  points  of  view:  1)  the  action  of 
chromate  oxidizes  DC  to  diphenyl  car  bazone  (DCO)  and  at  the  moment  of  its  formation,  the  tri-  or  divalent 
chromium  produced  gives  a  colored  complex  with  DCO;  2)  by  a  reaction  proceeding  through  intermediate’ stages, 
DC  is  oxidized  to  form  a  certain  colored  product  so  that  the  color  of  the  final  product  is  not  caused  by  complex 
formation.  From  this  point  of  view,  the  colored  product  from  the  reaction  of  chromate  with  DC  differs  from  the 
colored  compounds  formed  by  the  reaction  of  DC  ot  DCO  with  many  ions  (mercury,  molybdate,  copper  etc.). 

A  series  of  new  papers  has  recently  appeared  on  this  problem.  Without  going  into  many  details  on  the  work, 
in  Table  1  we  give  the  basic  data  on  the  methods  and  results  of  different  investigators. 

As  Table  1  shows,  there  are  contradictory  data.  Some  arguments  (3b,  4  and  5a)  are  not  sufficiently 
convincing  and  the  experimental  data  may  be  explained  by  other  and  even  opposite  points  of  view.  Certain 
data  are  simply  incorrect  and  are  explained  by  the  insufficient  purity  of  the  DC  and  DCO  or  by  other  reasons  in 
general  (see  below).  Thus,  contrary  to  the  data  in  [4,  51  pure  DCO  did  not  react  with  chromate  [6]  as  was  also 
confirmed  by  our  data.  For  this  purpose  we  purified  DC  by  the  method  in  [7]  and  DCO  by  the  method  in  [81 
The  preparation  obtained  had  m.p.  172*  (DC)  and  127®  (DCO),  which  agree  with  literature  data. 

A  study  of  the  data  [5]  on  the  reaction  of  trivalent  chromium  with  DCO  in  the  presence  of  an  acetate 
buffer  showed  us  the  following.  In  the  presence  of  acetic  acid,  but  with  chromium  compounds  completely 
absent  from  the  solution,  DCO  formed  a  colored  compound,  which  was  soluble  in  chloroform  and  benzene  but 
Insoluble  in  isoamyl  alcohol.  Under  these  conditions  DCO  formed  such  a  compound  immediately,  while  DC 
did  so  after  standing  in  air.  It  is  interesting  that  the  formation  of  this  compound  did  not  depend  on  the  pH  as 
chloroform  extracted  an  intensely  colored  compound  from  a  solution  of  10  N  sulfuric  acid. 

Our  data  on  purified  DCO  showed  that  in  the  absence  of  acetic  acid  it  did  not  react  with  hexavalent,  tri* 
valent  or  divalent  chromium.  It  was  further  established  that  when  DC  was  mixed  with  a  solution  of  divalent 
chromium  in  sulfuric  acid  solution,  it  did  not  form  a  colored  compound,  contrary  to  data  given  in  the  literature 
that  divalent  chromium  reacted  with  DCO  [4-7].  The  data  given  in  the  literature  show  that  in  all  cases  the 
acetate  of  divalent  chromium  was  used;  apparently,  the  colored  compound  was  formed  as  a  result  of  DCO  re¬ 
acting  with  acetic  acid  and  not  with  Cr*^.  The  color  intensity  of  the  solution  of  the  substance  farmed  by  the 
reaction  of  divalent  chromium  with  DC  in  sulfuric  acid  solution  was  considerably  less  (by  a  facta  of  ~125)  than 
that  of  the  substance  famed  by  the  reaction  of  an  equivalent  amount  of  hexavalent  chromium  under  similar 
conditions. 

In  spite  of  new  data  in  the  literature,  there  is  essentially  no  direct  proof  as  to  whether  the  colored  com¬ 
pound  formed  by  the  reaction  of  chromates  with  DC  is  a  chromium  complex  similar  to  the  complexes  of  DCO 
with  mercury,  copper  etc., or  whether  it  is  simply  a  particular  product  of  DC  oxidation.  To  us,  the  following 
seemed  the  most  satisfactory  way  of  solving  the  problem. 

£)  A  Study  of  the  Extraction  of  the  Colored  Compound.  Isoamyl  alcohol  was  used  for  extracting  the  colored 
product  formed  by  reacting  Cr^^  with  DC.  Cyclohexanone  and  some  other  solvents  could  also  be  used.  The 
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TABLE  1 


Expt.  No. 

Author's  conclusion  on  the 

character  of  the  colored 
compound 

Metfiod  and  means  of  proof 

1 

Cr**^  —  DCO  complex  [1,  2] 

After  a  time  weakly  acid  solutions  gave  an  amor¬ 
phous  violet  precipitate  of  variable  composition 
containing  chromium. 

a)  Formation  of  the  reaction  product  was  pro¬ 
moted  by  an  increase  in  the  acidity  of  the 
medium,  which  increased  the  oxidation 
potential  of  chromate;  on  the  contrary,  the 

2 

DC  oxidation  product;  chromium 
was  not  part  of  the  composition 
of  the  colored  complex  [3] 

formation  of  complexes  of  metals  widi  IX: 
was  promoted  by  an  increase  in  pH. 

b)  The  colored  compound  was  appreciably  (dis¬ 
tribution  coefficient  ~0.5)  extracted  with 
amyl  alcohol  in  strongly  acid  medium; 
chromium  remained  mainly  in  the  aqueous 
phase. 

a)  The  reactions  Cr'^^  +  DC,  Cr^^  +  DCO, 

Cr^  +  DCO  gave  substances  with  the  same 

3 

Cr**^  “  DCO  complex  [4] 

absorption  spectra. 

b)  The  maximum  optical  density  for  the 

Cr^  +  DCO  reaction  was  found  at  a  1 : 1  ratio 
and  for  the  Cr^'^  +  DC  reaction,  at  a  2:  3 ratio, 
which  was  explained  by  the  consumption  of 

1  mole  of  DC  for  the  reduction  CrVI  -*  Cr^^. 

A  violet  color  was  observed  in  the  DCO  +  Cr^ 
reaction  in  an  aqueous  alcohol  solution  in  the 

4 

Cr  “  DCO  complex  p] 

presence  of  acetate;  the  colored  compound 
was  extracted  with  chloroform  and  benzene. 

a)  A  solution  of  the  Cr^^^  salt  in  dimethylform- 
amide  gave  witii  DCO  a  red- violet  color 

6 

Cr*^  —  DCO  complex  [6] 

(Amax  550  mfi). 

b)  The  colored  compound  formed  in  the  Cr^^"" 

DC  reaction  was  extracted  with  isoamyl  alcohol; 
chromium  was  detected  in  the  extract. 

col(xed  compound  was  not  extracted  fully  from  sulfuric  acid  solution  with  isoamyl  alcohol.  However,  if  a  large 
excess  of  sodium  chloride  was  added  to  the  solution,  the  whole  of  the  colored  compound  pa^ed  into  the  alcohol 
extract.  In  order  to  establish  whether  there  was  chromium  in  the  composition  of  the  colored  compound  extracted 
with  isoamyl  alcohol  or  whether  it  remained  in  the  aqueous  solution,  the  alcohol  extract  and  the  aqueous  solution 
were  evaporated  to  dryness  and  the  residues  treated  with  perchloric  acid.  After  decomposition  of  the  organic 
substances,  the  solutions  were  made  alkaline  with  sodium  peroxide  to  oxidize  the  chromium.  The  chromium  was 
determined  by  reaction  widi  DC.  Four  series  of  experiments  were  carried  out.  The  only  difference  in  them  was 
the  conditions  of  extracting  the  colored  compound  (see  Table  2).  Control  experiments  showed  that  in  the  absence 
of  DC,  chromium  that  had  been  reduced  from  an  appropriate  amount  of  potassium  dichromate  (with  ferrous  sulfate) 
could  not  be  extracted  under  the  given  conditions.  In  all  cases,  10  ml  of  a  O.!*^  solution  of  DC  in  0.2  N  or  1.5  N 
sulfuric  acid  was  used  and  10  ml  of  a  0.001  N  solution  of  potassium  dichromate  (representing  0.15  mg  of  chro¬ 
mium)  was  added  slowly.  In  all  cases,  one  extraction  with  20  ml  of  isoamyl  alcohol  was  made.  The  experi¬ 
mental  results  are  given  in  Table  2. 
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TABLE  2 


Effect  of  Medium  on  the  Extent  of  Extraction  ot  the  Colored  Compound 


Expt.  No. 

. ■■  ■  ■  '  . .  1 

Medium 

Extent  of  extraction 
of  colored  compound 

Extent  of  chro¬ 
mium  extraction 

1 

0.2  N  H2SO4 

10% 

10% 

2 

0.2  N  H2SQ4,  saturated  with  sodium  chloride 

Complete 

Complete 

3 

1.5  N  H,S04 

50% 

20% 

4 

1.5  N  H2SO4,  saturated  with  sodium  chloride 

Complete 

Complete 

6 

0.1  N  Oxalic  acid  saturated  with  sodium 
chloride 

m 

bdPh 

6 

Weakly  acid  (0.03  N  H1SO4)  0.05  M  solution 
of  trilon  saturated  with  sodium  chloride 

M 

25% 

The  data  in  Table  2  show  that  the  colored  product  of  the  (CrIV  +  DC)  reaction  formed  an  unstable  com¬ 
plex  with  chromium  ions  and  under  certain  conditions  the  chromium  was  extracted  together  with  the  colored 
compound.  However,  Table  2  also  shows  that  the  colored  compound  could  also  be  extracted  without  chromium 
(experiments  3,  5  and  6).  An  investigation  of  the  absorption  spectra  of  the  extracts  showed  that  they  were  identi¬ 
cal  despite  the  chromium  being  partially  or  completely  in  the  extract  or  almost  completely  remaining  in  the 
aqueous  phase.  Thus,  the  color  of  reaction  product  being  studied  depended  on  its  own  structure  and  not  on 
coordination  with  chromium. 

b)  The  Effect  of  Various  Complex  Formers.  The  colored  solution  obtained  by  the  Cr'^^  +  DC  reaction  was 
treated  with  substances  forming  stable  complexes  with  chromium  ions.  Trilon,  oxalic  acid  and  sodium  fluoride 
were  used  as  complex  formers.  In  experiments  with  these  complex  formers  there  was  no  weakening  in  color  as 
compared  with  control  solutions  even  after  long  standing. 

Experiments  were  also  carried  out  in  which  the  foreign  complex  former  (trilon  or  oxalic  acid)  was  added 
to  a  solution  of  diphenylcarbazide  before  the  addition  of  potassium  dichromate  solution  so  that  both  of  them 
could  react  with  chromium  ions  at  the  moment  when  the  latter  were  formed  from  chromate.  Under  these  condi¬ 
tions  the  usual  color  always  appeared.  The  colored  compound  was  completely  extracted  with  isoamyl  alcohol 
in  the  presence  of  sodium  chloride  with  approximately  50%  (in  the  case  of  oxalic  acid)  or  75-80%  of  the  chro¬ 
mium  (in  the  presence  of  trilon  )  remaining  in  the  aqueous  phase  (see  Table  2,  experiments  5  and  6). 

For  comparison  one  should  note  that  the  complex  of  mercury  and  DC  was  decomposed  (the  solution  was 
decolorized)  by  the  action  of  ions  of  chlorine  and  other  elements.  The  complex  of  MoC^”  was  decomposed  by 
the  action  of  an  oxalic  acid  solution,etc.  On  the  other  hand,  if  an  excess  of  bichromate  solution  was  added,  it 
decomposed  the  colored  compound  while  the  mercury  —  DC  and  molybden  — DC  complexes  did  not  change  in  the 
presence  of  an  excess  of  Hg*"*^  and  MoC^”  ions.  These  experiments  confirmed  that  the  Cr^'^  +  DC  reaction  has  a 
completely  different  character  from  the  usual  reactions  of  colored  complex  formation. 

c)  The  Effect  of  Foreign  Reducing  Agents.  If  one  assumes  that  the  formation  of  a  colored  compound  is 
based  on  the  reaction  of  DC  and  DCO  with  di-  or  trivalent  chromium  ions  at  the  moment  when  the  latter  are 
formed,  then  the  presence  of  foreign  reducing  agents  should  evidently  promote  the  formation  of  the  colored  com¬ 
pound.  The  following  experiments  were  carried  out.  A  solution  of  DC  (as  well  as  mixtures  of  DC  and  DCO)  in 
0.2  sulfuric  acid  was  prepared.  Stannous  chloride,  ascorbic  acid  or  ferrous  sulfate  was  added  to  the  solution.  A 
dilute  solution  of  potassium  dichromate  was  added  to  the  mixture.  In  the  presence  of  a  foreign  reducing  agent 
there  was  either  no  color  at  all  (with  stannous  chloride)  or  it  appeared  only  at  the  point  where  the  solution  were 
combined, and  weakened  greatly  on  mixing.  On  changing  the  order  of  mixing,  that  is,  when  the  reducing  agent 
was  added  to  a  solution  of  potassium  dichromate  and  the  DC  added  immediately  afterward  ,  no  color  appeared 

at  all.  Besides  this,  it  was  established  that  on  shaking  a  mixture  of  Cr^^^  and  DC  with  zinc  amalgam  only  a  weak 
violet  color  appeared. 


2383 


DISCUSSION  OF  RESULTS 

The  reaction  of  with  DC  Is  specific;  no  other  oxidants  (excluding  MoC^"  etc.)  form  such  colored 
compounds.  It  is  therefore  quite  probable  that  in  an  intermediate  stage  in  the  reaction,  complexes  of  DC  with 
chromium  of  some  intermediate  valence  are  formed.  With  this,  the  DC  is  oxidized  to  form  an  intensely  colored 
compound,  probably  of  the  quinhydrone  type.  This  colored  compound  is  capable  of  forming  a  complex  with 
trivalent  chromium  although  it  can  also  be  present  in  a  solution  unattached  to  the  chromium  and  may  even  be 
separated  from  chromium  without  changing  its  color. 

The  data  given  still  do  not  solve  the  nature  of  the  Cr^^  and  DC  reaction  completely.  However,  these  data 
indicate  that  the  reaction  cannot  be  examined  as  a  normal  process  of  colored  complex  formation.  The  contra* 
dictions  in  the  data  of  a  number  of  authors  are  due  to  the  different  course  of  the  extraction  of  chromium  and  the 
colored  organic  component,  which  depend  on  the  acidity  of  the  medium  and  salting-out  effect  of  electrolytes 
(tee  Table  2). 


SUMMARY 

1.  It  was  shown  that  trivalent  chromium  did  not  react  with  diphenylcarbazide  or  with  dlphenylcarbazone 
and  that  divalent  chromium  did  not  react  with  dlphenylcarbazone.  The  incorrect  data  of  a  number  of  authors 
are  explained  by  the  occurrence  of  a  side  process,  namely,  the  formation  of  a  colored  compound  when  acetic 
acid  reacted  with  dlphenylcarbazone  (regardless  of  the  presence  or  absence  of  chromium). 

2.  Cr^^  reacted  with  diphenylcarbazide  to  form  a  complex  of  trivalent  chromium  with  the  colored  product 
of  diphenylcarbazide  oxidation.  The  colored  product  of  the  reaction  of  Cr^^  with  diphenylcarbazide  could  be 
partially  or  wholly  separated  from  chromium,  depending  on  Ae  conditons,  with  isoamyl  alcohol  and  the  absorp¬ 
tion  spectrum  of  the  colored  compound  solution  did  not  change. 

3.  It  was  shown  that  in  the  presence  of  foreign  complex  formers,  die  chromium  combined  with  them, 
while  the  color  of  the  solutions  remained.  In  the  presence  of  foreign  reducing  agents,  no  colored  compound  was 
formed  in  the  reaction  of  Cr^I  with  diphenylcarbazide. 

4.  Some  problems  in  the  chemistry  of  the  Cr^^  diphenylcarbazide  reaction  were  discussed. 
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SYNTHESIS  OF  CYCLIC  AMINO  ALCOHOLS  WITH  CHOLINOLYTIC 
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Previously,  one  of  us  [1]  put  forward  the  hypothesis  that  cholinolytic  substances  acting  like  atropine  and 
belonging  to  the  group  of  aminoalkyl  esters  of  carboxylic  acids  interacted  with  chollnoreactive  systems  in  an 
organism  in  a  cyclic,  fonic  form,  in  which  the  separation  between  the  nitrogen  and  the  carbon  atom  attached 
to  the  cyclic  radicals  was  fixed  to  a  considerable  extent  due  to  intramolecular  ion-dipole 
interaction  and  equalled  approximately  3.7  A*.  Here  we  present  an  example  of  such  a 
cyclic  structure  for  the  case  of  the  dimethylaminoethyl  ester  of  benzilic  acid. 

In  this  connection,  the  hypothesis  naturally  follows  that  a  separation  equal  to  3.7  A* 
or  comparatively  close  to  it  must  correspond  to  the  separation  between  some  definite  points 
of  the  chollnoreactive  system  and  that  it  must  exist  in  the  molecule  of  the  cholinolytic. 

It  seemed  very  desirable  to  find  some  sort  of  experimental  confirmation  of  this  hypoth¬ 
esis.  For  this  purpose  we  planned  the  synthesis  of  cyclic  structures  similar  to  the  one  given 
but  with  a  more  rigidly  set  separation  between  the  N  and  C  due  to  the  presence  of  a  cova¬ 
lent  bond  instead  of  the  comparatively  weak  ion-dipole  one. 

Below  we  present  the  structural  formulas  of  such  a  series  of  cyclic  compounds,  whose  synthesis  we  under 

took. 
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(I)  —  l-Methyl-3-diphenylmethylol-piperldlne 

(II)  —  l-Methyl-3-diphenylmethylene-piperidine 

(III)  -  l-Methyl-3-diphenylmethylol-piperideine-3 

(IV)  —  3-Diphenylmethylol-dimethylaminocyclohexene-2 


It  should  be  noted  that  in  the  literature  there  are  reports  of  the  cholinolytic  properties  of  a  series  of  similar 
cyclic  amino  alcohols  and  amines.  Thus,  Sperber,  Papa  et  al.  [2-4]  reported  the  spasmolytic  and  parasympathetic 
blocking  activity  of  compounds  with  the  general  formulas  (V),  (VI)  and  (VII). 


The  lubstltuting  groups  In  these  compounds  may  be  in  position  3  or  4  (rarely  in  position  2).  The  spasmoly 
tic  and  parasympathetic  blocking  acitvities  of  compounds  of  the  general  formula  (VIII)  were  reported  by  Villani 
[5]  and  Michajlyszyn  [6]. 

However,  the  data  presented  in  these  papers  did  not  make  it  possible  to  evaluate  the  cholinolytic  activity 
of  the  given  compounds  quantitatively  or  to  arrive  at  any  conclusions  on  the  problem  interesting  us.  Moreover, 
only  the  first  two  of  the  substances  that  we  planned  to  synthesize  and  investigate,  namely  (I)  and  (II),  have  been 
described  in  the  literature.  We  were  therefore  obliged  to  synthesize  all  four  of  these  compounds. 

1- Methyl  -3 -diphenylmethylol -piperidine  (I)  was  synthesized  by  one  of  the  two  methods  described  for  it 
[3,4,  7,  8],  namely,  by  the  action  of  phenyllithium  on  the  metliyl  ester  of  1 -methylnipecotic  acid. 

l-Methyl-3-diphenylmethylene-piperidine  (II)  was  obtained  by  dehydration  of  the  previous  compound 
analogously  to  the  literature  description  [2-4].  As  in  the  previous  case,  the  hydrochloride  and  iodomethylate 
of  this  unsaturated  amine  were  prepared. 

We  synthesized  1-methyl -3-diphenylmethylol-piperdeine-3  (III)  for  the  first  time.  For  its  preparation, 
we  chose  the  reaction  of  phenyllithium  with  arecoline. 
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The  structure  of  the  unsaturated  amino  alcohol  obtained  was  confirmed  by  determining  its  molecular 
weight  and  also  the  nitrogen  and  active  hydrogen  content.  Hydrogenation  of  the  base  (III)  yielded  the  unsaturated 
amino  alcohol  (I). 

Finally,  3-diphenylmethylol-dimethylaminocyclohexene-2,  which  has  not  been  described  in  the  literature 
either,  was  prepared  by  the  following  scheme: 
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TABLE  1 

Cholinolytic  Activity  and  Separation  Between 
the  N  and  C  in  the  Molecules  of  the  Hydro¬ 
chlorides  of  the  Substances  Synthesized 


Substance 

Cholinolytic  activity 
(dose  In  mg/ kg) 

Separation 

between 

N  and  C 
(In  A’) 

peripheral 

central 

(I) 

100 

>160 

3.0 

(II) 

70 

80 

3.8 

(III) 

17.5 

17.5 

3.9 

(IV) 

100 

150 

4.7 

TABLE  2 


Cholinolytic  Activity  and  Separation  Between 
the  N  and  C  in  the  Molecules  of  the  lodo- 
methylates  of  the  Substances  Synthesized 
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Cholinolytic  activity! 
(dose  In  mg/ kg) 
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The  first  four  stages  of  the  synthesis  were  accomplished  by  methods  described  in  the  literature  [9-11]  with 
slight  modifications  in  individual  cases.  Alcoholysis  of  the  amino  niuile  and  interaction  of  the  ethyl  ester  of 
3-dimethylamino-l-cyclohexenecarboxylic  acid,  which  was  obtained  for  the  first  time,  with  phenyllithium  were 
accomplished  in  analogy  with  known  examples  and  led  to  the  formation  of  the  expected  substances  with  the  usual 
yields  for  these  reactions. 

The  structure  of  the  final  reaction  product,  3-diphenylmethylol-dlmethylaminocyclohexene-2,  was  con¬ 
firmed  by  determining  its  molecular  wei^t  and  also  by  the  nitrogen  and  active  hydrogen  contents.  Hydrogena¬ 
tion  of  it  gave  3-diphenylmethylol-dimethylaminocyclohexane,  which  has  been  described  in  the  literature  [6]. 
The  hydrochloride  of  the  unsaturated  amino  alcohol  (IV)  was  obtained  only  in  the  form  of  an  aqueous  solution 
as  it  showed  no  tendency  towards  crystallization.  Its  iodomethylate  was  obtained  in  the  crystalline  state. 

It  should  be  noted  that  although  the  amination  stage  formed  two  isomeric  amino  nitriles,  it  was  not  neces¬ 
sary  to  separate  the  side  product  from  the  main  one  since  the  isomeric  nitrile  and  its  conversion  products  se¬ 
parated  from  the  main  product  in  the  subsequent  stages  of  the  synthesis.  For  confirmation  of  this,  we  purified 
the  amino  nitrile  through  the  picrate.  The  amino  nitrile  freed  from  isomers  was  subjected  to  the  subsequent 
reactions.  The  product  thus  obtained  was  identical  with  the  product  obtained  from  the  unpurlfied  nitrile  and  the 
yields  were  not  appreciably  higher. 

Starting  from  the  most  probable  steric  configurations  and  using  molecular  models  of  the  substances  syn¬ 
thesized,  (I),  (II),  (III)  and  (IV),  we  calculated  the  separations  between  the  nitrogen  atoms  and  the  carbon  atoms 
attached  to  the  phenyl  radicals. 

The  cholinolytic  activity  of  the  substances  obtained  was  determined  by  M.  A.  Razumova.  It  was  deter¬ 
mined  on  mice  and  expressed  in  doses  of  substance  (in  mg/ kg)  completely  suppressing  peripheral  (salivation)  and 
central  (tremor)  effects  produced  by  arecoline.  The  data  obtained  for  the  hydrochlorides  of  substances  (I),  (II), 
(in)  and  (IV)  are  presented  in  Table  1  together  with  the  calculated  separations  of  the  N  and  C. 

Examination  of  the  data  presented  in  Table  1  confirms  the  hypothesis  on  the  existence  of  an  effect  on 
cholinolytic  activity  by  the  separation  between  the  nitrogen  atom  of  the  cholinolytic  substance  and  the  carbon 
attached  to  the  cyclic  structures,  whereby  the  most  advantageous  separation  was  actually  close  to  3.7  A*  or  sli^tly 
greater  than  this. 
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It  is  Important  to  emphasize  that  all  the  substances  compared  differed  little  in  molecular  wei^t  and  three 
of  them  [(I),  (III)  and  (IV)]  contained  the  same  functional  groups,  whose  presence  could  be  essential  to  their 
interaction  with  the  cholinoreactive  systems  of  the  organism.  Therefore,  the  difference  in  the  cholinolytic 
activity  of  these  substances  must  pertain,  with  a  high  degree  of  probability  to  the  separation  between  these  func¬ 
tional  groups.  It  is  characteristic  that  in  going  from  substance  (I)  to  (II),  despite  the  disappearance  of  the  hy¬ 
droxyl  group,  which,  as  is  known,  suongly  raises  the  cholinolytic  activity,  the  latter  not  only  did  not  fall,  but 
even  increased  noticeably  and  this  may  be  related  to  the  increase  in  the  separation  between  the  N  and  the  C 
from  3.0  to  3.8  A*.  The  introduction  of  a  hydroxyl  group  into  an  analogous  structure  with  the  separation  remain¬ 
ing  close  to  3.8  A*  increased  the  cholinolytic  activity  even  more  as  is  seen  on  the  example  of  substance  (IQ). 

With  regard  to  substance  (III),  it  is  interesting  to  note  yet  another  phenomenon.  As  was  stated,  it  was 
synthesized  by  the  reaction  of  phenyllithium  with  arecoline,  a  typical  cholinomimetic  substance.  The  substance 
obtained,  containing  the  bulk  of  the  arecoline  structure,  but  "wei^ted"  with  two  phenyl  nuclei,  was  cholinolytic 
and  antagonistic  to  arecoline. 

On  examining  the  properties  of  the  iodomethylates  presented  in  Table  2,  attention  is  attracted  by  the  con¬ 
siderable  increase  in  the  cholinolytic  activity  of  the  iodomethylate  of  compound  (I)  in  comparison  with  that  of 
its  hydrochloride;  in  value  it  is  similar  to  the  activity  of  the  iodomethylate  of  compound  (III),  although  the  hydro¬ 
chlorides  of  the  two  bases  differ  strongly  in  activity. 

The  reason  for  this  possibly  consists  in  that  the  iodomethylate  and  the  hydrochloride  of  (I)  have  different 
conformations.  It  is  known  that  an  axial  disposition  of  a  substituent  produces  greater  steric  hindrance  than  an 
equatorial  one.  However,  in  the  case  of  the  hydrochloride  of  (I)  there  is  the  possibility  of  an  interaction  between 
the  oxygen  of  the  hydroxyl  group  and  the  hydrogen  at  the  nitrogen  by  a  type  of  hydrogen  bond,  which  is  excluded 
in  the  case  of  the  quaternary  ammonium  salt. 


In  addition,  the  presence  of  a  second  methyl  at  the  nitrogen  in  the  ammonium  salt  causes  much  greater 
steric  hindrance  to  the  diphenylmethylol  group  remaining  in  the  axial  position  than  the  hydrogen  in  the  case  of 
the  hydrochloride.  It  can  therefore  be  stated  with  sufficient  certainty  that  though  the  substituent  occupies  an 
axial  p>osltlon  in  the  hydrochloride  and  the  base,  in  the  iodomethylate  it  is  displaced  to  the  less*^indered  equa¬ 
torial  pKJSition,  which  involves  an  increase  in  the  separation  between  the  N  and  C  from  3.0  to  3.9  A*.  In  its  turn, 
this  is  advantageous  as  regards  the  activity  of  the  preparation,  since  a  separation  of  3.9  A*  is  more  favorable  for 
interaction  with  the  receptor  than  3.0  A*. 


EXPERIMENTA  L 

Methyl  Ester  of  1-Methylnipecotic  Acid  [12].  The  iodomethylate  of  methyl  nicotinate  was  hydrogenated 
in  aqueous  solution  over  a  platinum  catalyst  (Adams's)  at  normal  temperature  and  pressure.  In  all,  about  95% 
of  the  theoretically  required  amount  of  hydrogen  was  absorbed  over  a  period  of  6-8  hours.  Separation  of  the 
catalyst,  neutralization,  extraction,  drying  and  distillation  yielded  about  80%  of  the  theoretical  amount  of  product, 
distilling  at  84-85*  (13  mm). 

1 -Methyl -3 -diphenylmethylol -piperidine  (I)  [3,  7,  13].  With  ice  cooling,  3.84  g  of  methyl  1-methylnl- 
pecotate  in  30  ml  of  ether  was  added  to  a  solution  of  phenyllithium,  obtained  froni  11.5  of  bromobenzene,  1.08  g 
of  lithium  and  50  ml  of  absolute  ether.  The  solution  was  then  stirred  for  1.5-2  hours  at  room  temperature  and 
then  decomposed  with  ice.  Glacial  acetic  acid  (4  ml)  was  added  to  neutralize  part  of  the  alkali  and  the  ether 
was  removed  by  distillation.  The  residual  light  precipitate  was  separated  from  the  water,  washed  and  dried.  The 
yield  was  6.85  g  (almost  quantitative)  and  the  m.p.  136-141*.  Recrystallization  from  a  mixture  of  benzene  and 
ligroin  yielded  5.28  g  of  pure  product  with  m.p.  146.7-147.3*. 
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The  hydrochloride  was  obtained  by  the  action  of  an  alcohol  solution  of  HCl  on  an  alcohol  solution  of  the 
base.  After  recrystallization  from  alcohol,  the  substance  melted  with  strong  decomposition  at  323*. 

The  iodomethylate  was  obtained  by  treating  an  acetone  solution  of  the  base  with  excess  methyl  iodide. 
When  recrystallized  from  alcohol,  it  melted  with  decomposition  at  267-268*. 

l-Methyl-3-diphenylmethylene-piperidine  (II)  [2-4]  (I)  was  dehydrated  with  dilute  sulfuric  acid  according 
to  literature  data.  The  yield  reached  95-97%. 

After  recrystallization  from  a  mixture  of  alcohol  and  ethyl  acetate,  the  hydrochloride  melted  at  249-250* 
(with  decomp.). 

Found  Cl  11.82,  11.89.  CijHmNCI.  Calculated  Cl  11.82. 

The  iodomethylate  was  recrystallized  from  a  mixture  of  alcohol  and  ether;  the  m.p.  was  210-212*  (with 
decomp.). 

Found  131.44  ,  31.34.  C,oHt4NI.  Calculated  %:  131.31. 

l-Methyl-3-diphenylmethylol-piperideine-3  (HI).  With  cooling,  4  g  of  arecoline  was  added  in  one  portion 
to  a  solution  of  phenyllithium,  obtained  from  1.10  g  of  lithium,  12  g  of  bromobenzene  and  60  ml  of  absolute 
ether.  The  mixture  was  stirred  vigorously  and  after  a  few  minutes,  a  voluminous,  light  grey  precipitate  formed. 
The  ice  was  removed  and  the  mass  stirred  at  room  temperature  for  1.5  hours.  The  flask  was  again  immersed  in 
an  ice  bath  and  the  reaction  mixture  decomposed  with  ice  and  adjusted  to  a  weakly  alkali  reaction  (about  3  ml 
of  glacial  acetic  acid).  The  ether  was  removed  by  distillation  and  the  tarry  solid  residue  separated  and  dried. 

The  weight  was  5.10  g.  Recrystallization  from  toluene  yielded  3.35  g(70.8%)  of  an  almost  colorless  product 
with  m.p.  187-188*.  Subsequent  recrystallization  raised  the  melting  point  to  188.5-189.5*. 

Found  7o:  N  6.27,  6.22;  OH  6.99,  6.29.  Equiv.  284,  281.  Ci^uON.  Calculated  N  5.01;  OH  6.09. 
Equiv.  279.4. 

The  hydrochloride  crystallized  from  an  aqueous  solution  with  one  molecule  of  water  and  had  m.p.  125-128* 
(with  decomp.).  It  did  not  lose  water  on  drying  for  many  hours  at  80*  or  in  vacuum  over  P1O5.  The  salt  was 
obtained  in  an  anhydrous  state  only  on  drying  above  the  melting  point  (130-135*). 

Found  Cl  10.57,  10.65;  H,0  (cryst.)  6.66.  CijHijONCl  •  H,0.  Calculated*^:  Cl  10.62;  H|0  (cryst.) 

5.38. 

The  anhydrous  hydrochloride  melted  at  222.5-223*  (with  decomp.). 

Found  70:  Cl  11.27,  11.19.  CijHmONCI.  Calculated  %;  Cl  11.22. 

After  recrystallization  from  alcohol,  the  iodomethylate  melted  at  226.5-227“  (with  decomp.). 

Found  I  30.06,  30.17.  C,oHj40NI.  Calculated  %:  I  30.13. 

The  iodoethylate  was  also  recrystallized  from  alcohol.  The  m.p.  was  218-218.5"  (with  decomp.). 

Found  I  29.43,  29.49.  CjiHjgONI.  Calculated  %  I  29.15. 

Hydrogenation  of  l-Methyl-3-diphenylmethylol-piperideine-3.  1  g  of  amino  alcohol  was  hydrogenated 
over  Adams's  platinum  catalyst  (0.5  g)  in  glacial  acetic  acid.  Over  a  period  of  5  hours,  about  95  ml  of  hydrogen 
(slightly  more  than  the  calculated  amount)  was  absorbed.  After  removal  of  the  catalyst  and  neutralization  with 
ammonia,  the  product  was  extracted  with  chloroform.  The  chloroform  was  then  removed  and  the  residue  re¬ 
crystallized  several  times  from  a  mixture  of  benzene  and  ligroin.  The  m.p.  was  145.3-146.3".  A  mixed  melting 
point  with  l-methyl-3-diphenylmethylol-piperidine  was  not  depressed  and  a  mixed  melting  point  with  the  origi¬ 
nal  unsaturated  amino  alcohol  also  was  not  depressed.  However,  authentic  l-methyl-3-diphenylmethylol-piper- 
idine  did  not  give  a  depression  with  l-methyl-3-diphenylmethylol-piperideine-3. 

The  iodomethylate  obtained  from  the  hydrogenation  product  melted  at  268-269"  (with  decomp.)  and  a 
mixed  melting  point  with  the  iodomethylate  of  l-methyl-3-diphenylmethylol-piperidine  was  not  depressed. 

Cyclohexene-1 -cyanide.  This  substance  was  obtained  by  Ruzicka's  method  [9]  in  48*^^  yield. 
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3-Bromocyclohexene-l -cyanide.  The  cyclohexene  was  brominated  in  accordance  with  Mousseron't  data 
[10, 11],  The  yield  of  cyanide  (calculated  on  the  cyclohexene  cyanide  reacting)  was  91.6^11^.  A  fraction  boiling 
at  from  125-141*  (11  mm)  was  collected;  the  bulk  of  the  material  distilled  at  132-138*. 

3-Dimethylamlnocyclohexene-l  Cyanide  (and  3-dimethylaminocyclohexene-l  cyanide-3)  [11].  About 
30  g  of  dimcthylamine  was  absorbed  in  75  ml  of  benzene;  with  ice  cooHng,  22.6  g  of  bromocyclohexene  cyanide 
was  slowly  added  to  the  solution.  On  the  following  day  the  benzene  and  excess  dimethylamine  were  removed  by 
distillation  and  the  residue  diluted  with  water  and  made  alkaline  with  sodium  hydroxide.  The  alkaline  solution 
was  extracted  with  benzene  several  times  and  the  extract  dried  with  sodium  sulfate.  Distillation  yielded  15.36  g 
(84.5%)  of  product. 

B.p.  114-129*  (13  mm),  di*®  0.9674,  n*®D  1.4896,  MRp  44.70;  calc.  44.85. 

To  free  the  3-dimethylamlnocyclohexene-l  cyanide  from  traces  of  isomer,  the  mixed  amino  nitriles  were 
converted  into  the  picrates.  Fractional  crystallization  from  alcohol  yielded  a  fraction  melting  at  176,8-177.2*. 
Pure  3-dimethylaminocyclohexene-l  cyanide  was  obtained  from  this. 

B.p.  125-129*  (13  mm);  d4*®  0.9674,  n*®D  1.4909,  MRp  44.96;  calc.  44.85. 

Ethyl  Ester  of  3-Dimethylamino-l-cyclohexenecarboxylic  Acid.  7.22  g  of  amino  nitrile  was  dissolved  in 
12.5  ml  of  95%  ethanol  and  9  ml  of  cone.  H1SQ4  added  to  the  solution  dropwise.  The  mixture  was  boiled  for 
13  hours.  Ice  was  then  added  to  the  contents  of  the  flask  and  the  sulfuric  acid  neutralized  with  sodium  carbonate. 
The  oily  layer  which  separated  was  extracted  with  chloroform.  After  drying  with  sodium  sulfate  and  removal 
of  the  solvent,  the  residue  was  vacuum  distilled.  We  obtained  5.6  g  (59.5%)  of  a  faintly  greenish  liquid,  which 
distilled  at  from  107-119*  (8  mm).  During  a  second  distillation,  the  whole  product  distilled  over  the  same  range. 

d/®  1.0045,  i^®D  1.4800,  MRp  55.80;  calc.  55.76. 

3-Diphenylmethylol-dimethylaminocyclohexene-2  (IV).  With  ice  cooling,  4.38  g  of  the  ethyl  ester  of 
3-dimethylamino-l-cyclohexenecarboxylic  acid,  dissolved  in  40  ml  of  absolute  ether,  was  added  to  a  solution 
of  phenyllithium  obtained  from  1.08  g  of  lithium,  10.5  g  of  bromobenzene  and  50  ml  of  absolute  ether.  The 
ice  bath  was  removed  and  the  solution  stirred  for  2  hours  at  room  temperature.  The  mass  was  then  decomposed 
with  ice  and  acidified  and  the  ether  removed  by  distillation.  The  aqueous  solution  was  decanted  from  the  tars 
liberated;  it  was  treated  with  ether  to  remove  the  rest  of  the  tars.  After  this,  the  aqueous  solution  was  made 
alkaline  and  the  tarry  product  extracted  with  chloroform.  The  extract  was  dried  with  sodium  sulfate  and  the 
chloroform  removed  to  leave  4  g  of  a  brown  oil,  which  rapidly  crystallized.  Recrystallization  from  a  mixture  of 
acetone  and  hexane  gave  2.1  g  (29.5%)  of  an  almost  colorless  product  with  m.p.  136-137*.  Subsequent  recrystal¬ 
lizations  raised  the  melting  point  to  137.5-138*. 

Found  %:  N  4.85,  4.82;  OH  5.83,  5.56.  Equiv.  310,  308.  CijHjiON.  Calc.  %:  N  4.56;  OH  5.53.  Equiv. 

307.4. 


The  hydrochloride  could  not  be  obtained  in  a  crystalline  state. 

After  recrystallization  from  alcohol,  the  iodomethylate  melted  at  185.5-185.7*  (with  decomp.). 

Found  %:  I  28.40,  28.41.  CjoHmONI.  Calc.  %:  I  28.26. 

Hydrogenation  of  3-Diphenylmethylol-dimethylaminocyclohexene-2.  1  g  of  amino  alcohol  was  hydro¬ 
genated  over  0.5  g  of  Adams'  platinum  catalyst  in  ethanol  solution  at  normal  pressure  and  temperature.  Some¬ 
what  more  than  the  theoretical  amount  of  hydrogen  was  absorbed  over  a  period  of  4  hours.  After  removal  of  the 
catalyst  and  the  solvent,  the  residue  was  treated  with  ammonia  and  extracted  with  benzene,  which  was  then  re¬ 
moved  by  distillation.  The  residual  tarry  product  could  not  be  crystallized.  The  iodomethylate  and  hydrochloride 
were  obtained  from  it  directly. 

The  iodomethylate  was  recrystallized  from  alcohol.  The  m.p.  was  235.5-242*  (with  decomp.). 

Found  %:  I  28.14,  28.15.  CjoHjeONI.  Calc.  %:  I  28.13. 

The  hydrochloride  was  recrystallized  from  a  mixture  of  alcohol  and  ether  and  had  m.p.  224-226*  (with 
decomp,).  The  m.p.  243*  is  given  in  the  literature  [6]. 

Found  %:  Cl  10.14, 10.20.  C19HJ4ONCI.  Calculated  %:  Cl  10.23. 
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SUMMARY 

1.  We  synthesized  for  the  first  time  l-methyl-3-diphenylmethylol“piperidelne-3  and  3-dlphenylmethylol- 
dlmethyIamlnocyclohexene-2  and  some  of  their  salts  and  also  the  ethyl  ester  of  3-dlmethylamlno-l -cyclohexene 
carboxylic  acid,  which  was  an  Intermediate  product  In  the  synthesis. 

2.  As  a  result  of  comparing  the  cholinolytlc  activity  of  the  substances  obtained  with  certain  features  of 
their  molecular  structures,  we  arrived  at  the  conclusion  that  the  separation  between  the  nitrogen  atom  and  the 
carbon  atom  attached  to  the  cyclic  radicals  had  an  essential  effect  on  the  given  physiological  activity. 
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STEROIDS 


IV.*  SYNTHESIS  OF  11 -DEHYDROCORTICOSTERONE  FROM  11-KETOPROGESTERONE 
O.  K.  Nikiforova  and  N.  N.  Suvorov 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 


In  an  article  by  Hogg  et  al.  [2]  and  in  American  patents  [3,4],  the  possibility  of  obtaining  the  acetate  of 
11 -dehydrocorticosterone  by  condensation  of  11-ketoprogesterone  with  diethyl  oxalate  were  briefly  discussed.  The 
21-ethoxyl  derivative  obtained  was  subjected  to  further  conversions,  as  a  result  of  which,  the  required  product  was 
obtained.  It  should  also  be  noted  that  in  papers  on  the  synthesis  of  desoxycorticosterone  acetate,  Ruschig  [5]  de¬ 
scribed  the  condensation  of  diethyl  oxalate  with  pregnenolone  and  Ercoli  and  Ruggieri  [6]  described  a  similar 
condensation  with  progesterone. 

The  article  by  Hogg  did  not  give  experimental  data  and  the  need  to  prepare  11 -dehydrocorticosterone  for 
pharmacological  purposes  and  investigations  led  us  to  synthesize  this  compound  from  11-ketoprogesterone  by  the 
following  scheme: 
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*For  our  third  article  on  this  subject  see  [1]. 
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11-Ketoprogcsterone  (I)  was  obtained  by  oxidation  of  an  acetic  acid  solution  of  ll-a-hydroxyprogesterone 
[7]  with  chromic  mixture.  (I)  was  condensed  with  excess  diethyl  oxalate  in  benzene  at  room  temperature  with 
freshly  prepared  sodium  methylate.  For  purification,  an  aqueous  solution  of  enolate  (II)  was  converted  Into  the 
free  ketoester  (III)  by  treatment  with  dilute  hydrochloric  acid.  By  solution  in  methanol  and  treatment  with  the 
calculated  amount  of  alcoholic  sodium  hydroxide,  the  ketoester  (III)  again  gave  (II).  lodination  of  (II)  with 
iodine  at  -20*  led  to  the  iodine  derivative  (IV),  which,  without  isolation,  was  subjected  to  hydrolysis  with  the 
formation  of  (V)  and  ketonic  cleavage  with  the  theoretical  amount  of  sodium  methylate  in  methanol  at  0*.  Re¬ 
placement  of  the  iodine  in  21-iodo-ll-ketoprogesterone  (VI)  by  an  acetoxy  group  by  means  of  potassium  acetate 
in  acetone  gave  11 -dehydrocorticosterone  acetate  (VII).  The  technical  (VII)  was  purified  by  means  of  grade 
"SKh"  adsorbent  and  hydrolyzed  to  the  free  hormone  (VIII)  by  our  modification  of  Reichstein's  method  [8]. 

The  total  yield  of  11 -dehydrocorticosterone  (VII)  by  the  method  developed  was  41.4% (calculated  on  the 
11-ketoprogesterone). 

EXPERIMENTA  L 

Na-Enolate  of  21-Ethoxalyl-ll-ketoprogesterone  (II).  Into  a  three-necked  flask,  fitted  with  a  mercury 
seal,  a  stirrer  and  a  condenser,  were  placed  1.3  g  of  metallic  sodium  and  28  ml  of  anhydrous  methanol.  When 
the  sodium  had  dissolved  completely,  130  ml  of  anhydrous  benzene  was  added,  80  ml  of  a  mixture  of  solvents 
removed  by  distillation  with  careful  heating  and  then  12  ml  of  diethyl  oxalate  and  17.15  g  of  11-ketoprogestetone 
added  at  35-40*.  When  the  11-ketoprogesterone  was  added,  a  gel-like  precipitate  of  the  sodium  enolate  formed 
immediately  and  the  reaction  mass  acquired  a  yellow  color.  The  mixture  was  stirred  vigorously  at  room  tempera¬ 
ture  for  2.5  hours,  then  260  ml  of  dry  ether  added  and  stirring  continued  for  1  hour  and  finally  a  further  700  ml 
of  dry  ether  added  for  complete  separation  of  the  product;  after  being  stirred  for  another  1.5  hours,  the  light 
yellow  precipitate  was  collected,  washed  with  100  ml  of  ether  and  dried  in  a  vacuum  desiccator  over  calcium 
chloride.  The  weight  of  the  crude  Na-enolate  of  21-ethoxalyl-ll-ketoprogesterone  obtained  was  23.1  g  (98%). 

Found  %:  C  69.77,  69.83;  H  7.39,  7.46.  CjsHjbO,.  Calculated  %:  C  70.07;  H  7.54. 

21-Ethoxalyl-ll-ketoprogesterone  (III).  23  g  of  crude  Na-enolate  of  21-ethoxalyl-ll-ketoprogesterone 
(II)  was  dissolved  in  600  ml  of  distilled  water  and  the  solution  filtered.  At  room  temperature  and  with  stirring, 
a  5%  solution  of  hydrochloric  acid  was  added  dropwise  to  the  solution  to  an  acid  reaction  to  congo.  The  yellowish 
precipitate  was  collected,  washed  with  water  on  the  filter  until  neutral  to  litmus,  pressed  out  well  and  dried  in  a 
vacuum  desiccator  over  phosphorus  pentoxide  to  constant  weight.  The  weight  of  the  precipitate  was  22.0  g(98.1%, 
calculated  on  11-ketoprogesterone). 

21-Iodoethoxalyl-ll-ketoprogesterone  (IV)  and  21-Iodo-ll-ketoprogesterone  (VI).  5  g  of  21-ethoxalyl-ll- 
ketoprogesterone  was  dissolved  in  45  ml  of  methanol  and  to  the  solution  at  0*  was  added  5.93  ml  of  1.967  N 
sodium  hydroxide  in  methanol  dropwise  with  mechanical  stirring.  Over  a  period  of  1.5  hours  with  stirring  and 
cooling  to  -20*,  a  solution  of  2.97  g  of  iodine  in  70  ml  of  methanol  was  added  to  the  solution  of  the  Na-enolate 
of  21 -ethoxalyl-ll-ketoprogesterone  formed.  When  all  the  iodine  solution  had  been  added,  stirring  was  continued 
at  -20*  for  a  further  1.5  hours.  The  temperature  was  then  raised  to  0"  and  in  the  interval  from  0"  to  -3*,  the  21- 
iodoethoxalyl-ll-ketoprogesterone  was  subjected  to  hydrolysis  and  ketonic  cleavage  without  isolation.  To  the 
solution  obtained  (brown  in  color),  3.37  ml  of  a  3.4  N  solution  of  sodium  methylate  in  methanol  was  added  drop- 
wise  with  stirring  over  a  period  of  1  hour.  Toward  the  end  of  the  reaction,  the  solution  became  noticeably 
lighter  and  acquired  a  lemon-yellow  color. 

21 -lodo -11-ketoprogesterone  was  isolated  by  addition  to  a  solution  of  100  g  of  sodium  chloride  in  500  ml 
of  water  with  stirring  and  cooling  to  0*.  The  precipitate  which  separated  was  left  to  stand  in  the  dark  at  room 
temperature  for  6-10  hours  and  then  the  light  yellow  precipitate  was  collected,  washed  with  water  on  the  filter 
and  rapidly  dried  in  the  dark  in  a  vacuum  desiccator  over  a  fresh  portion  of  phosphorus  pentoxide.  The  weight 
of  21-iodo-ll-ketoprogesterone  obtained  was  4.7  g  (90%). 

Found  %:  I  27.60,  27.57.  CilHirOsI-  Calculated  %:  I  27.9.  * 

ll-Dehydrocorticosterone  Acetate  (VII).  6  g  of  21-iodo-ll-ketoprogesterone  was  dissolved  in  300  ml  of 
anhydrous  acetone  and  3.6  g  of  freshly  fused  potassium  acetate  was  added  to  the  solution.  The  mixture  was 
heated  to  60*  with  continuous  stirring  in  a  stream  of  nitrogen  over  a  period  of  7  hours.  Then  150-160  ml  of 
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solvent  was  removed  in  vacuum  and  the  residue  poured  into  800  ml  of  ice  water.  The  precipitate  which  formed 
was  extracted  with  chloroform  and  the  chloroform  layer  treated  with  Vh  hydrochloric  acid  (cooled  to  0*),  8% 
sodium  bicarbonate  solution  and  water  to  a  neutral  reaction  to  litmus  and  then  dried  over  baked  sodium  sulfate. 
The  chloroform  solution  was  evaporated  to  dryness  in  vacuum  at  40*  and  the  residue  dried  for  2  hours  in  vacuum 
at  room  temperature.  The  substance  required  was  extracted  with  800  ml  of  a  mixture  of  anhydrous  acetone  and 
ether  (1 : 4).  To  the  ether  —  acetone  extract  was  added  25  g  of  "SKh"  adsorbent  and  the  mixture  shaken  for  1.5 
hours.  The  adsorbent  was  removed  by  filtration,  washed  with  100  ml  of  ether  —  acetone  mixture  and  3  g  of  acti¬ 
vated  charcoal  added  to  the  combined  filtrates.  The  mixture  was  shaken  for  another  hour,  the  charcoal  removed 
and  washed  with  25  ml  of  an  acetone  -  ether  mixture  and  the  solution  evaporated  to  dryness  at  25-30*  in  vacuum. 
The  yellowish  residue  of  11 -dehydrocorticosterone  acetate  obtained  was  recrystallized  from  methanol.  The  weight 
was  3.2  g  (62%).  The  white  needles  had  m.p.  179-182*.  [0£]*®D  +  213*  (acetone);  238  mp;  Igc  4.22. 

The  infrared  spectrum  of  the  11 -dehydrocorticosterone  acetate  contained  the  following  absorption  bands: 
1745,  1700,  1644  and  1225  cm”^  (acetyl  group). 

11 -Dehydrocorticosterone  (VIII).  To  0.7  g  of  11 -dehydrocorticosterone  acetate  was  added  46.2  ml  of 
methanol,  46.2  ml  of  water  and  4.62  ml  of  cone.  HCl.  The  mixture  was  boiled  on  a  water  bath  with  a  reflux 
condenser  for  50  minutes,  quickly  cooled  to  room  temperature  and  poured  into  500  ml  of  cold  water  containing 
50  g  of  chemically  pure  sodium  chloride.  The  reaction  product  was  extracted  5-6  times  with  chloroform  (total 
volume  850-900  ml)  and  the  chloroform  extract  washed  with  8%  sodium  bicarbonate  solution  and  water  to  a 
neutral  reaction  to  litmus  and  dried  over  anhydrous  sodium  sulfate.  The  sodium  sulfate  was  removed,  washed 
with  dry  chloroform  and  the  filtrate  combined.  The  chloroform  solution  was  evaporated  to  dryness  in  vacuum 
with  a  water  bath  temperature  of  40-45*.  To  the  oily  residue  formed  was  added  15  ml  of  absolute  ether;  the 
product  then  precipitated  in  a  crystalline  form.  The  ether  was  removed  completely  by  distillation  and  the 
yellowish  crystalline  residue  of  11 -dehydrocorticosterone  recrystallized  from  butyl  acetate.  The  yield  was  0.47  g 
(75.8%).  The  m.p.  was  174-178*.  With  the  original  11 -dehydrocorticosterone  acetate  the  product  gave  a  large 
depression  of  melting  point. 

Paper  chromatography  using  the  formamide  —  benzene  system  [9]  (formamide,  methanol  1 : 1)  gave  Rj  = 

=  0.61.  (11-a-Hydroxyprogesterone  was  used  as  the  standard).  Development  with  Lugol's  solution  gave  an  intense 
yellow  color  in  contrast  to  11 -dehydrocorticosterone  acetate,  which  gave  a  grey-green  spot  with  the  same  de*- 
veloper. 

The  infrared  spectrum  of  11 -dehydrocorticosterone  contained  the  following  absorption  bands:  3380  (hy¬ 
droxyl  group),  1718,  1700  and  1664  cm“^. 


SUMMARY 

A  method  was  developed  for  preparing  11 -dehydrocorticosterone  by  the  scheme:  11-ketoprogesterone  -♦ 
Na*-enolate  of  21-ethoxalyl-ll-ketoprogesterone  -♦21-iodoethoxalyl-ll-ketoprogesterone  -♦  21-iodo-ll-keto- 
progesterone  -►  11 -dehydrocorticosterone  acetate  — 11 -dehydrocorticosterone. 
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A  NEW  ALKALOID  ISOMERIC  WITH  P  LA  T  Y  PH  Y  LLIN  E 

A.  V.  Danilova,  L.  M.  Utkin,  G.  V.  Kozyreva 
and  Yu.  I.  Syrneva 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 


Platyphylline  bitartrate  is  obtained  from  broad-leafed  groundsel  (Senecio  platyphyllus).  In  chemical  struc¬ 
ture,  platyphylline  is  the  diester  of  platynecine  and  senecic  acid  [1]. 

During  the  treatment  of  the  alcohol  mother  solutions  under  industrial  conditions  in  the  course  of  the  isola¬ 
tion  and  recrystallization  of  platyphylline  bitartrate,  a  new  base  was  obtained  which  we  called  neoplatyphylline. 
Neoplatyphylline  had  the  same  over-allcomposition  and  the  same  functional  groups  as  platyphylline;  the  infrared 
absorption  spectra*  (see  figure)  of  these  two  bases  were  very  similar  and  their  basicities  were  identical.  However, 
both  neoplatyphylline  and  its  salts  differed  in  physical  properties  from  platyphylline  and  the  corresponding  salts 
of  the  latter. 

A  pharmacological  investigation  of  neoplatyphylline  bitartrate  showed  that  it  had  clearly  expressed  choli- 
nolytic  and  spasmolytic  properties.  It  produced  dilation  of  the  pupil  and  relaxed  organs  with  smooth  muscle. 

In  the  character  of  its  action  and  activity,  it  was  extremely  similar  to  platyphylline  but  approximately  twice  as 
toxic  as  the  latter.  The  alkaline  and  acid  hydrolysis  of  neoplatyphylline  yielded  the  same  products  as  the  degra¬ 
dation  of  platyphylline. 

We  surmised  that  the  most  probable  reason  for  the  difference  in  these  two  bases  was  a  different  steric  con¬ 
figuration  of  the  acid  components  in  their  molecules.  As  is  known,  necic  acids  with  double  bonds  show  geometri¬ 
cal  isomerism  besides  optical  isomerism  [2]. 

Kropman  and  Warren  [3]  established  that  senecic  acid  had  the  structure  of  2-hydroxy-3-methylheptene-5- 
dicarboxylic-2,5  acid  (I). 

OH  Cllg 

lloC-C - C— CII2— C=CH— CHg 

I  I  I 

COOH  II  COOH 

(I) 

For  further  study  of  the  properties  of  the  acids  esterifying  platynecine  in  the  molecules  of  neoplatyphylline 
and  platyphylline,  we  reduced  these  alkaloids  with  lithium  aluminum  hydride.  According  to  the  structure  of 
senecic  acid  proposed,  the  trihydric  alcohols  obtained  as  a  result  of  the  reduction  should  have  the  structure  of 
2-hydroxy-2,5-di-(hydroxymethyl)-3-methylheptene-5  (II). 


OH  CH3  H 

I  r  I 

II  c— C - C— CHa— C=c— CH3 

■  I  I  I 

CHoOH  H  CH2OH 

(11) 


*  Plotted  in  the  physicochemical  laboratory  of  the  All-Union  Chemicopharmaceutical  Scientific  Research 
Institute  under  the  direction  of  Yu.  N.  Sheinker. 
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They  were  characterized  as  their  p-nitrobenzoyl  derivatives.  The  trihydric  alcohol  from  neoplatyphylline 
formed  a  noncrystalline  dl-p-nltrobenzoyl  derivative  (A),  which  was  optically  inactive;  the  trihydric  alcohol 
from  platyphylline  formed  a  crystalline  dl-p-nltrobenzoyl  derivative  (B),  which  had  the  same  composition  but 
was  optically  active  ([c(]p  +  19.41"). 

It  was  interesting  to  study  the  properties  of  the  trihydric  alcohol  obtained  by  reduction  of  seneclc  acid, 
formed  by  alkaline  hydrolysis  of  both  alkaloids.  For  this  purpose,  we  prepared  the  dimethyl  ester  of  senecic  acid, 
which  has  not  been  described  in  the  literature,  and  reduced  it  with  lithium  aluminum  hydride.  The  trihydric 
alcohol  obtained  had  the  same  composition  but  formed  not  a  di-,  but  a  mono-p-nitrobenzoyl  derivative  (C)with 
[af  “d  -  5.47*. 

The  results  obtained  confirmed  our  hypothesis  that  the  reason  for  the  difference  between  neoplatyphylline 
and  platyphylline  was  a  difference  in  the  steric  configurations  of  the  esterifying  acids.  The  fact  that  senecic 
acid  which  had  undergone  alkaline  treatment  formed  a  trihydric  alcohol  differing  in  properties  from  the  alcohols 
obtained  by  direct  reduction  of  the  alkaloids  confirmed  our  observation  that  necic  acids  isolated  after  hydrolysis 
of  alkaloids  from  the  Senecio  genus  with  alkali  had  configurations  which  differed  from  those  in  which  they  existed 
in  the  alkaloid  molecules. 


EXPERIMENTAL 

Isolation  of  Neoplatyphylline.  The  alcohol  mother  solution  after  isolation  of  platyphylline  bitartrate  and 
the  separation  of  seneciphylline  was  concentrated  to  1/4  of  the  original  volume.  The  residue  was  cooled  and  the 
crystals  of  the  bitartrate  which  separated  were  pressed  out  on  a  Buchner  funnel  and  washed  with  alcohol.  The 
m.p.  was  175-180*  (m.p.  of  platyphylline  bitartrate  196").  The  mixture  of  bitartrates  obtained  was  dissolved  in 
water,  made  alkaline  with  NH4OH  and  the  bases  extracted  with  CHCls.  Removal  of  the  chloroform  yielded  a 
mixture  of  neoplatyphylline  and  platyphylline.  For  separation,  the  mixture  was  treated  with  an  equal  weight  of 
CHsOH  at  room  temperature.  The  liquid  was  sucked  from  the  insoluble  neoplatyphylline  and  the  solid  product 
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washed  with  methanol  and  dried.  The  crude  neoplatyphylline  had  protracted  melting  point  (120-128*).  After 
three  recrystallizations  from  CH|OH,  the  product  had  m.p.  131-133*;  [af*D  +  1.95*  (c  10.20, CHCI3);  at  a  concen¬ 
tration  of  3.79^,  neoplatyphylline  did  not  rotate  the  polarization  plane.  Neoplatyphylline  was  readily  soluble 
in  chloroform  and  acetone. 

Found  %:  C  64.24;  H  7.96;  N  4.12.  CnHjTOgN.  Calculated  C  64.09;  H  8.01;  N  4.15. 

Neoplatyphylline  Bitartrate.  This  substance  was  formed  by  mixing  hot  alcohol  solutions  of  the  base  and 
tartaric  acid  (equimolecular  amounts).  After  three  recrystallizations  from  CHsOH,  the  product  had  m.p.  138-140* 
(with  decomp.),  [a]*®D  +  1.40*  (c  10,  water). 

.Found‘d:  C  52.40;  H  6.93;  N  2.86.  CnHjTOgN  •  C^H^Oe  •  1^0.  Calculated‘S:  C  62.27;  H  6.93;  N  2.77. 

After  being  dried  at  128*  (0.03  mm)  to  constant  weight,  the  product  had  m.p.  157-160*  (with  decomp.). 

Found  ‘S:  C  64.31;  H  6.77;  N  2.91.  ChHjtOsN  •  C^HeO,.  Calculated  'S:  C  54.20;  H  6.77;  N  2.87. 

Neoplatyphylline  Perchlorate.  The  product  had  m.p.  217-218*  (with  decomp.)  (from  water). 

Found  “S:  C  49.27;  H  6.39;  N  3.26;  Cl  8.20.  Ci,H,70b*  HCIO4.  Calculated  “S:  C  49.37;  H  6.40;  N  3.20; 

Cl  8.10. 

Neoplatyphylline  Picrate.  The  substance  had  m.p.  164-166*  (from  alcohol). 

Found  ‘S:  C  60.70;  H  5.33;  N  10.06.  C,,H,70bN  •  CbHjOtN,.  Calculated  C  60.88;  H  6.30;  N  9.89. 

Hydrolysis  of  Neoplatyphylline  With  Alcoholic  KOH.  2  g  of  neoplatyphylline  was  heated  on  a  water  bath 
for  4  hours  with  50  ml  of  a  0.5  N  alcohol  solution  of  KOH.  The  alcohol  solution  was  evaporated  to  dryness.  The 
residue  was  treated  with  chloroform.  Removal  of  the  chloroform  yielded  0.75  g  of  an  amino  glycol  with  m.p. 
147-148*  (from  acetone),  [otf*D  -  60.30*  (1.46,  chloroform),  which  did  not  depress  the  melting  point  of  platy- 
necine.  The  residue  after  extraction  of  the  platynecine  with  chloroform  was  dissolved  in  3  ml  of  10%  HCl  and 
extracted  with  ether.  The  ether  solution  yielded  0.8  g  of  an  acid  with  m.p.  149-150*  (from  ethyl  acetate)  [ a]^*D  + 

+  10.40*  (4.38,  alcohol),  which  did  not  depress  the  melting  point  of  the  acid  prepared  by  hydrolysis  of  platyphylline . 

Hydrolysis  of  Neoplatyphylline  With  Hydrochloric  Acid.  1  g  of  neoplatyphylline  was  boiled  on  a  mantle 
with  20  ml  of  17%  HCl  for  3  hours.  The  solution  was  cooled  and  treated  with  ether.  Removal  of  the  ether  from 
the  ether  extract  yielded  0.4  g  of  an  acid  with  m.p.  151-152*,  [ot]^*D  +  42.90 (c  4.29,  alcohol).The  acid  did  not 
depress  the  melting  point  of  the  lactone  of  senecic  acid  obtained  by  hydrolysis  of  platyphylline. 

Reduction  of  Neoplatyphylline  With  Lithium  Aluminum  Hydride.  3  g  of  neoplatyphylline  was  dissolved  in 
600  ml  of  a  mixture  of  absolute  ether  and  absolute  CHCI3  (1 : 1).  The  mixture  was  boiled  under  reflux  with 
stirring  while  8  g  of  LiAlH4  was  gradually  added.  The  reduction  lasted  for  16  hours.  100  ml  of  10%  H3SO4  was 
added  to  the  cooled  mixture  dropwise.  The  layer  of  organic  solvent  was  separated  from  the  aqueous  layer.  The 
bulk  of  the  trihydric  alcohol  (1.34  g)  separated  from  the  mixture  of  organic  solvents  as  a  thick,  dark  brown  oil. 

The  trihydric  alcohol  was  purified  by  passing  a  chloroform  solution  through  a  column  with  AI3O3.  The  column 
was  eluted  with  CHCI3.  The  eluates  yielded  0.5  g  of  a  thick,  slightly  yellowish  oil. 

Preparation  of  Di-p-nitrobenzoyl  Derivative  (A).  0.5  g  of  the  trihydric  alcohol  was  dissolved  in  5  ml  of 
dry  pyridine,  3  g  of  p-nitrobenzoyl  chloride  added  and  the  solution  left  at  room  temperature  for  a  day.  Then 
50  ml  of  water  was  added  and  the  mixture  extracted  with  ether.  The  ether  solution  was  successively  washed  in 
a  separating  funnel  with  10%  H3SO4,  water  and  NaHCOs  solution  and  dried  with  NasSOi.  Removal  of  the  ether 
yielded  a  noncrystalline  p-nitrobenzoyl  derivative  as  a  thick,  sticky  substance.  The  substance  was  purified  by 
passing  a  methanol  solution  through  a  column  with  AI3O3  and  eluting  with  CH3OH.  Removal  of  the  solvent  from 
the  eluates  yielded  a  thick,  colorless,  noncrystalline  oil,  which  dissolved  readily  in  ether  and  chloroform  and 
was  difficultly  soluble  in  alcohol  and  insoluble  in  water.  It  was  dried  at  100*  and  0.03  mm  pressure.  The  sub¬ 
stance  obtained  did  not  rotate  the  plane  of  polarization  at  c  2.56  (CHCI3). 

Found  %;  C  59.63;  H  5.56;  N  5.71.  (^HjgOjN,.  Calculated  %:  C  59.25;  H  5.34;  N  5.76. 

Reduction  of  Platyphylline  With  lithium  Aluminum  Hydride,*  3  g  of  platyphylline  was  dissolved  In  800 
ml  of  a  mixture  of  absolute  ether  and  absolute  chloroform  (1 : 1).  The  mixture  was  heated  under  reflux  and 


*  Neither  platyphylline  nor  neoplatyphylline  were  hydrolyzed  when  boiled  with  water  or  alcohol  solutions  of  ammonia. 
Neither  of  these  alkaloids  were  reduced  by  hydrogen  in  the  presence  of  a  platinum  catalyst. 
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stirred  while  8  g  of  LiAlHi  was  added.  The  course  of  the  reduction  process  was  checked  by  paper  chromatography. 
The  reduction  process  lasted  for  24  hours.  100  ml  of  10%  HjSO^  was  added  dropwlse  to  the  cooled  reaction  mass 
with  stirring.  The  organic  solvent  layer  was  separated  from  the  aqueous  layer.  The  solution  was  evaporated  to 
dryness,  and  the  weight  of  the  residue  was  1.08  g.  The  acidic  aqueous  layer  was  concentrated  in  vacuum,  while 
the  inorganic  salts  were  removed  as  they  separated  by  means  of  a  Buchner  funnel;  the  weight  of  the  residue  was 

5.60  g.  Both  residues  gave  a  positive  reaction  with  silicotungstic  acid.  They  were  combined,  dissolved  in  CHsOH 
and  passed  through  a  column  with  espatite  in  the  H-form.  The  column  was  eluted  with  CHsOH  and  then  with  5% 
ammonia  in  CH3OH.  The  methanolic  eluates  yielded  a  mixture  of  trihydric  alcohol  with  inorganic  salts.  Mixing 
with  dry  CHCI3  yielded  0.43  g  of  thick,  oily  trihydric  alcohol.  The  ammonia -methanol  eluates  yielded  an  oily 
substance  giving  a  positive  reaction  for  an  alkaloid. 

Preparation  of  Di-p-nitrobenzoyl  Derivative  (B)  of  the  Trihydric  Alcohol.  0.43  g  of  the  trihydric  alcohol 
was  dissolved  in  5  ml  of  dry  pyridine,  2.12  g  of  p-nitrobenzoyl  chloride  added  and  the  solution  left  at  room  tem¬ 
perature  overnight.  Then  50  ml  of  water  was  added  and  the  mixture  treated  with  ether.  The  ether  solution  was 
successively  washed  in  a  separatory  funnel  with  10%  H1SO4,  water  and  NaHC03  solution  and  dried  with  Na2S04. 
The  ether  extract  yielded  0.31  g  of  a  crystalline  substance.  After  four  recrystallizations  from  anhydrous  alcohol, 
the  product  had  m.p.  136-137*,  [a^*D  +  19.41*  (c  2.06,  CHCI3). 

Found  %;  C  59.53;  H  5.37;  N  5.92.  C24H3e09N2.  Calculated  %:  C  59.25;  H  5.34;  N  5.76. 

Preparation  of  Dimethyl  Senecate.  5  g  of  senecic  acid  with  m.p.  146-147*  and  [ajp  +  10.3  was  mixed 
with  25  ml  of  ether.  To  the  mixture  was  added  an  ether  solution  of  diazomethane  (from  10.3  g  of  nitrosomethyl- 
urea)  and  the  mixture  left  for  12  hours.  Removal  of  the  ether  yielded  4.5  g  of  a  colorless,  oily,  mobile  substance. 
It  had  b.p.  113-114*  (at  3  mm);  [af®D  -16.88;  d  1.0931. 

Found  %:  C  58.81;  H  8.40.  CuHjoOg.  Calculated  %:  C  59.01i  H  8.19. 

Reduction  of  Dimethyl  Senecate  With  Lithium  Aluminum  Hydride.  3  g  of  platynecic  ester  was  dissolved 
in  250  ml  of  absolute  ether  and  3.3  g  of  LIAIH4  added  gradually.  The  mixture  was  boiled  under  reflux  for  5 
hours.  The  mixture  was  cooled  and  50  ml  of  10%  H2SO4  carefully  added  dropwlse.  The  ether  layer  was  separated 
from  the  aqueous  one.  The  acidic  aqueous  layer  was  treated  with  ether.  Removal  of  the  ether  from  the  ether 
extract  yielded  a  slightly  yellowish,  thick  oil;  after  being  dried  in  a  vacuum  desiccator,  the  product  weighed 

2.60  g  and  had  [af®D  -  9.70  (c  2.18,  CHCI3). 

Preparation  of  p-Nitrobenzoyl  Derivative  (C)  of  the  Trihydric  Alcohol.  1  g  of  alcohol,  10  ml  of  dry  pyri¬ 
dine  and  4  g  of  p-nitrobenzoyl  chloride  were  left  at  20*  for  12  hours.  The  processing  was  as  described  above. 
Removal  of  the  ether  yielded  1.01  g  of  a  sll^tly  yellowish,  viscous  oil,  which  was  insoluble  in  water.  It  was 
purified  by  passing  a  methanol  solution  through  a  column  with  AL2O3  (elution  with  CH3OH).  The  substance  did 
not  crystallize  after  purification  and  drying;  [otf  ®D  —  5.47*  (c  6.21,  CHCI3). 

Found  %;  C  60.97;  H  6.68;  N  4.30.  C17H23O6N.  Calculated  %:  C  60.53;  H  6.82;  N  4.15. 

SUMMARY 

1.  From  the  alcohol  mother  solutions  from  the  isolation  of  platyphylline  bitartrate,  we  isolated  a  new 
alkaloid  isomeric  with  platyphylline,  namely,  neoplatyphylline. 

2.  The  dimethyl  ester  of  senecic  acid  was  prepared  and  investigated. 

3.  The  action  of  lithium  aluminum  hydride  on  platyphylline,  neoplatyphylline  and  dimethyl  senecate 
yielded  trihydric  alcohols,  which  have  not  been  described  in  the  literature  and  which  had  the  same  composition 
but  different  properties. 
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SYNTHESES  ON  THE  BASIS  OF  ANABASINE 
XIII.*  HYDROGENATION  OF  ANABASINE 

A.  S.  Sadykov  and  O.  S.  Otroshchenko 
Central  Asian  State  University 


The  hydrogenation  of  anabasine  was  accomplished  for  the  first  time  by  Smith  [1].  He  reduced  synthetic 
DL-anabasine  over  a  platinum  catalyst  in  hydrochloric  acid  solution  and  obtained  a,d '-dipiperidyl.  Then 
Orekhov  and  Brodski!  [2]  hydrogenated  natural  anabasine  ( L-anabasine)  with  the  help  of  Adams's  catalyst  and  by 
Vishnegradskii's  method  and  obtained  a  mixture  of  bases  from  which  L-a,B '-dipiperidyl  was  isolated  in  the  form 
of  colorless  crystals  with  m.p.  68-69"  (in  a  sealed  capillary)  and  [a]p  —  5*. 

In  their  paper,  Wenusch  and  Scholler  [3]  also  described  the  reduction  of  L-anabasine  (isolated  from  techni¬ 
cal  anabasine  sulfate)  in  the  presence  of  platinum  —  palladium  black  in  glacial  acetic  acid.  The  base  obtained 
was  found  to  be  identical  with  DL-a,0  '-dipiperidyl. 

In  view  of  a  certain  interest  in  a, B '-dipiperidyl  as  the  starting  material  for  various  syntheses  and  also  for 
a  more  detailed  study  of  the  hydrogenation  of  anabasine,  in  the  present  work  we  attempted  to  find  conditions  for 
preparing  a,B ’-dipiperidyl  from  L-anabasine  in  higher  yields. 

For  the  hydrogenation  of  L-anabasine,  we  used  a  nickel  catalyst  prepared  in  the  Organic  Catalysis  Labora¬ 
tory  of  the  Institute  of  Chemistry,  Academy  of  Sciences,  Uzbekh  SSR  and  processed  by  Raney's  method.  The  hy¬ 
drogenation  was  carried  out  in  an  autoclave  under  a  pressure  of  105-110  atm  at  100-130*  in  an  aqueous  medium 
and  also  without  solvent. 

Hydrogenation  of  L-anabasine  without  solvent  formed  crystalline  DL- a, B '-dipiperidyl  in  757o  yield.  After 
recrystallization,  it  had  m.p.  51-59*  and  [cx]q  ±  0*. 

If  L-anabasine  was  hydrogenated  in  aqueous  solution  or  without  solvent,  but  with  the  addition  of  a  small 
amount  of  107o  sodium  hydroxide  solution,  L-a,B '-dipiperidyl  was  obtained. 

Attempts  to  hydrogenate  anabasine  hydrochloride  in  neutral  and  in  hydrochloric  acid  media  did  not  give 
positive  results. 


EXPERIMENTA  L 

Hydrogenation  of  Anabasine  in  Aqueous  Solution.  32  g  of  L-anabasine  in  100  ml  of  water  was  hydrogenated 
at  100-130*  and  110  atm  in  the  presence  of  40  ml  of  catalyst.  The  hydrogenation  was  continued  until  a  constant 
pressure  was  established  in  the  autoclave.  The  solution  obtained  was  then  filtered  free  from  catalyst  and  extracted 
first  with  ether  and  then  with  chloroform.  The  ether  was  distilled  from  the  dried  extract  to  yield  8.2  g  of  base 
with  m.p.  50-56*.  Treatment  of  the  base  with  an  alcohol  solution  of  hydrogen  chloride  yielded  a  dihydrochloride, 
which  did  not  melt  when  heated  to  300*.  [a]jj  i  0*.  The  DL-a,8 '-dipiperidyl  isolated  from  this  dihydrochloride 
had  m.p.  62-67*. 

On  vacuum  distillation,  the  chloroform  extract  yielded  12.2  g  of  DL-a,6 '-dipiperidyl  with  m.p.  110-115* 

(2  mm).  The  dinitroso  derivative  had  m.p.  115-116*. 

*For  communication  XII  see  J.  Gen.  Chem.,  25,  1222  (1955). 
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Hydrogenation  of  Anabasine  without  Solvent.  128  g  of  L-anabasine  was  hydrogenated  In  the  presence  of 
160  ml  of  catalyst  at  110  atm  and  100-125*  to  constant  pressure  In  the  autoclave.  When  unloaded  from  the 
autoclave,  the  reaction  product  rapidly  solidified.  For  separation  of  the  reaction  product  from  the  catalyst.  It 
was  dissolved  in  a  mixture  of  alcohol  and  ether  (1:1).  After  evaporation  of  part  of  the  solvent  and  cooling, 
the  solution  deposited  a  crystalline  precipitate  of  DL-a,6 '-dipiperldyl  with  m.p.  51-59*.  The  dlnltroso  deriva¬ 
tive  had  m.p.  116-117*. 

After  removal  of  the  solvent,  the  mother  solution  was  vacuum  distilled.  We  obtained  two  fractions:  1st 
fraction,  b.p.  120-130*  (6  mm)  —  DL-a, 8 ’-dipiperldyl  and  the  2nd  fraction,  b.p.  130-246*  (6  mm)  —  a  tarry 
mass.  The  DL-a, 8 ’-dipiperldyl  plcrate  had  m.p.  219-220*  (from  alcohol). 

Hydrogenation  of  Anabasine  in  Aqueous  Solution  with  the  Addition  of  Alkali.  To  16.2  g  of  L-anabasine 
in  50  ml  of  water  in  an  autoclave  was  added  20  ml  of  catalyst  and  2-3  ml  of  10%  sodium  hydroxide.  The  hydro¬ 
genation  was  carried  out  at  100-130*  and  110  atm  for  3  hours.  The  autoclave  was  filled  with  hydrogen  three 
times  and  then  the  pressure  in  the  autoclave  remained  constant.  The  reaction  mixture  was  filtered  free  from 
catalyst  and  extracted  with  chloroform.  On  removal  of  the  solvent  and  vacuum  distillation,  the  extract  yielded 
two  fractions:  1st,  b.p.  110-120*  (5  mm),  13.1  g  (78%),  L-a,8 ’-dipiperldyl  and  the  2nd,  b.p.  above  120*,  a 
tarry  product  (not  investigated).  L-a,8 ’-Dipiperldyl  had  m.p.  67-69*.  Its  plcrate  had  m.p.  217-218*  (from  alco¬ 
hol):  [a]jj  -5*  (in  alcohol). 

Hydrogenation  of  Anabasine  without  Solvent  with  the  Addition  of  Alkali.  64  g  of  L-anabasine  was  hydro¬ 
genated  for  3  hours  under  a  pressure  of  105  atm.  at  100-130*  in  the  presence  of  80  cc  of  catalyst  and  2-3  ml  of 
10%  sodium  hydroxide.  The  autoclave  was  filled  with  hydrogen  until  a  constant  pressure  was  established.  The 
reaction  mixture  was  treated  with  water  and  the  solution  freed  from  catalyst  by  filtration  and  extracted  with 
chloroform.  Removal  of  the  CHCls  from  the  extract  and  vacuum  distillation  yielded  two  fractions:  1st  b.p. 
110-120*  (5  mm),  47.1  g  (73%),  L-a, 8 ’-dipiperldyl  and  the  2nd  b.p.  120-130*  (5  mm),  15  g,  a  tarry  product. 

The  plcrate  of  the  L-a,8 ’-dipiperldyl  melted  at  217-218*  (from  alcohol). 

SUMMARY 

1.  A  method  was  developed  for  hydrogenating  anabasine  in  the  presence  of  a  nickel  catalyst.  The  method 
made  it  possible  to  obtain  a,8 ’-dipiperldyl  in  a  yield  of  more  than  75%. 

2.  It  was  established  that  the  hydrogenation  of  L-anabasine  in  an  aqueous  medium  and  also  without  solvent 
formed  inactive  a,8 ’-dipiperldyl.  The  addition  of  a  small  amount  of  alkali  made  it  possible  to  isolate  active 
(levorotatory)  a,8 ’-dipiperldyl. 
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SEPARATION  OF  THE  ALKALOIDS  OF  SOPHORA  PACHYCARPA 

A.  S.  Sadykov  and  Ya.  I.  Pakanaev 

Central  Asian  State  University  and  Bukhara  Pedagogical  Institute 


During  the  production  of  pachycarpine  at  the  Chimkent  pharmaceutical  chemical  factory,  considerable 
amounts  of  high-boiling  alkaloids  from  Sophora  polycarpa  have  accumulated.  These  waste  products  contain 
known  alkaloids,  matrine  and  sophocarpine,  which  could  be  of  independent  interest  as  raw  materials  for  synthetic 
investigations.  In  addition,  this  industrial  concentrate  could  contain  new  bases,  which  could  have  been  present 
in  the  plant  itself  in  very  small  amounts  so  that  they  would  be  difficult  to  detect  by  a  laboratory  investigation 
of  the  plant. 

A  series  of  methods  for  the  isolation  of  alkaloids  from  the  plant  Sophora  pachycarpa  is  described  in  the 
literature  [1-4];  a  method  is  also  known  for  the  isolation  of  sophocarpine  from  the  waste  of  the  Chimkent  phar- 
macehtical-chemical  factory  by  means  of  ammonium  chloride  [5]. 

In  continuing  work  on  the  study  of  the  vat  residue,  accumulated  in  the  production  of  pachycarpine  from 
Sophora  pachycarpa,  we  were  able  to  develop  a  new  method  for  separating  the  whole  of  the  alkaloids,  which  is 
described  in  the  present  article. 

The  vat  residue  was  a  dark  brown  mass,  which  was  soluble  in  water  and  organic  solvents.  It  contained  up 
to  8-10%  of  kerosine  and  moisture.  By  extraction  and  vacuum  distillation,  it  was  possible  to  obtain  from  it  a 
fraction,  which  was  a  mixture  of  matrine  and  sophocarpine,  and  a  difficultly  distillable  residue,  representing 
about  40%. 

To  separate  the  mixture  of  sophocarpine  and  matrine  we  made  use  of  the  difference  in  their  behavior  with 
respect  to  potassium  hydroxide.  When  treated  with  an  alcohol  solution  of  potassium  hydroxide,  matrine  formed 
the  potassium  salt  of  matric  acid  while,  while  sophocarpine  remained  unchanged.  Matrine  could  be  obtained 
from  the  potassium  salt  of  matric  acid  by  the  action  of  acetic  anhydride  on  the  latter. 

In  addition,  we  were  able  to  separate  a  mixture  of  sophocarpine  and  matrine  on  the  basis  of  the  different 
solubilities  of  their  N -oxides,  which  were  formed  by  the  action  of  hydrogen  peroxide  on  the  mixture  of  bases. 

The  N-oxide  of  sophocarpine,  which  has  not  been  described  in  the  literature,  formed  crystals  with  m.p. 
68-69*  and  [ajp  +  36.2*.  The  N-oxide  formed  a  picrate  with  m.p.  78-80*  and  a  hydroiodide  with  m.p.  290*. 

EXPERIMENTA  L 

Separation  of  a  Matrine  —  Sophocarpine  Mixture.  50  g  of  mixture  (b.p.  161-230*  at  5  mm)  was  heated 
with  a  solution  of  20  g  of  potassium  hydroxide  in  200  ml  of  anhydrous  alcohol  for  4  hours  under  reflux.  When 
the  alcohol  was  partly  evaporated,  the  solution  deposited  the  potassium  Salt  of  matric  acid  in  the  form  of  color¬ 
less  needles  in  85.4%  yield.  The  m.p.  was  235-237*  (from  absolute  alcohol). 

Found  %;  N  9.13,  9.11.  Equiv.  154.8,  155.76.  CigH^OiNiK.  Calculated  %:  N  9.21.  Equlv.  152. 

After  separation  of  the  potassium  salt  of  matric  acid,  the  alkaline  solution  was  diluted  with  water  and 
extracted  with  ether.  Distillation  of  the  residue  from  the  ether  extract  yielded  sophocarpine  (b.p.  185-190*  at 
2  mm)  with  m.p.  74-75*.  The  yield  was  13%. 
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Found  M  245,  246.  C15HJ2ONJ.  Calculated  M  246. 

The  hydroiodldc  (from  anhydrous  alcohol)  had  m.p.  272-274*  (with  decomp.). 

Preparation  of  Matrine.  To  10  g  of  the  potassium  salt  of  matric  acid  was  added  50  ml  of  acetic  anhydride. 
The  mixture  was  heated  on  a  water  bath  under  reflux  for  3  hours.  The  reaction  product  was  then  diluted  with 
water,  made  alkaline  with  potassium  carbonate  and  extracted  with  ether.  On  evaporation  of  the  solvent,  the 
matrine  remained  as  a  light  yellow  oil,  which  rapidly  crystallized  in  air.  The  yield  was  6  g.  The  m.p.  was 
75-76*  (from  ligroin).  The  matrine  was  identified  by  conversion  to  the  potassium  salt  and  the  N-oxlde  of  matrine. 
Matrine  hydroiodide  with  m.p.  266-268*  (from  alcohol)  was  prepared. 

Found  70:  1  33.5,  33.6.  C15H24ON,  •  HI.  Calculated  133.7. 

Action  of  Hydrogen  Peroxide  on  a  Matrine  —  Sophocarplne  Mixture.  30  g  of  the  mixture  was  dissolved  in 
600  ml  of  37o  hydrogen  peroxide  solution  and  the  solution  left  for  72  hours  at  room  temperature.  The  solution 
was  then  evaporated  under  a  water  pump  vacuum  at  60-62*  and  the  residue  acidified  with  15%  hydrochloric 
acid  and  filtered.  The  filtrate  was  partially  evaporated  in  vacuum,  made  alkaline  with  potassium  carbonate 
and  treated  with  chloroform.  Distillation  of  the  chloroform  extract  at  normal  pressure  and  then  in  vacuum  at 
40*  yielded  a  thick,  light  yellow  sirup,  which  was  diluted  with  dry  acetone  to  precipitate  crystals  of  matrine 
N-oxide  with  m.p.  161-162*  (with  decomp.).  The  yield  was  17.3  g.  Matrine  N-oxide  was  readily  soluble  in 
water  and  alcohol  and  difficultly  so  in  acetone  and  ether.  i[o(]p  +  45.36*. 

Found  7o:  N  9.98,  10.09.  M  271,  270.  Ci5H240iN,.  Calculated*^:  N  10.2.  M  264. 

The  picrate  had  m.p.  214-216*  (with  decomp.;  from  anhydrous  alcohol). 

The  mother  solution  after  separation  of  the  matrine  N-oxide  was  evaporated  to  dryness  in  vacuum.  To  the 
residue  was  added  10  ml  of  anhydrous  alcohol  and  a  solution  of  hydriodic  acid  to  an  acid  reaction  to  Congo. 

During  prolonged  standing  the  hydriodide  of  sophocarpine  N-oxide  precipitated  and  had  m.p.  290*  (from  a  mix¬ 
ture  of  alcohol  and  acetone,  1 :  2). 

Found  7o:  I  32.35,  32.59.  CisHjjOiN,  •  HI.  Calculated  %:  I  32.54. 

3.6  g  of  the  hydroiodide  of  sophocarpine  N-oxide  was  dissolved  in  5  ml  of  water.  The  solution  was  saturated 
with  potassium  carbonate  and  extracted  with  ether.  The  ether  solution  was  concentrated  to  deposit  sophocarpine 
N-oxide  in  the  form  of  colorless  crystals  with  m.p.  68-69*  and  +  36.2*.  Sophocarpine  N-oxide  was  readily 
soluble  in  water,  acetone,  ether  and  benzene. 

Found  M  263  ,  264.  Ci5H220iN,  •  HI.  Calculated  M  262. 

The  picrate  had  m.p.  81-82’  (from  water). 

Potassium  Salt  of  Matric  Acid  N-oxide.  5  g  of  matrine  N-oxide  was  dissolved  in  30  ml  of  15*^^  alcohol 
solution  of  potassium  hydroxide  and  the  solution  heated  under  reflux  for  2  hours  on  a  water  bath.  The  solution 
was  then  evaporated  to  dryness  in  vacuum.  The  residue  was  recrystallized  from  a  mixture  of  alcohol  and  acetone. 
The  potassium  salt  of  matric  acid  N-oxide  precipitated  in  the  form  of  colorless  crystals  with  m.p.  195-197* 

(with  decomp.).  The  yield  was  3.2  g.  The  salt  was  readily  soluble  in  water  and  alcohol  and  more  difficultly 
soluble  in  acetone  and  ether.  It  titrated  as  a  monoacidic  base. 

Found:  equiv.  160.04,  156.5.  Ci5l%403N2K.  Calculated:  equiv.  159.5. 

SUMMARY 

1.  A  method  was  developed  for  separating  a  matrine  —  sophocarpine  mixture  by  the  action  of  an  alcohol 
solution  of  potassium  hydroxide. 

2.  The  possibility  of  preparing  matrine  from  the  potassium  salt  of  matric  acid  was  demonstrated. 

3.  It  was  also  shown  that  a  matrine  —  sophocarpine  mixture  could  be  separated  on  the  basis  of  the  different 
solubilities  of  their  N -oxides.  The  N -oxides  of  these  bases  were  prepared  and  characterized  for  the  first  time. 
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SULFURIC  ACID  METHOD  OF  SEPARATING  THE  ALKALOIDS 


OF  ANABASIS  APHYLLA 

O.  S.  Otrosh  che  n  ko ,  A.  S.  Sadykov  and  Kh.  A.  Akbarov 
Central  Aslan  State  University 


A  series  of  methods  is  known  for  the  separation  of  the  mixture  of  alkaloids  from  A.  aphylla  and  these  are 
based  on  differences  in  the  physicochemical  and  chemical  properties  of  the  bases  themselves  and  their  derivatives 
[1]. 


In  the  present  communication,  a  method  is  described  which  is  based  on  the  difference  in  the  behavior  of 
the  alkaloids  of  this  plant  toward  sulfuric  acid.  In  some  of  our  previous  work  [2]  it  was  shown  that  the  interaction 
of  anabasine  with  strong  sulfuric  acid  could  be  accomplished  at  a  temperature  of  about  300*.  Below  200*,  a  sulfo 
compound  was  formed,  which  readily  decomposed  under  the  action  of  alkali  carbonates  and  hydroxides.  To 
develop  a  method  for  separating  the  mixture  of  alkaloids  with  sulfuric  acid,  it  was  necessary  to  follow  the  be¬ 
havior  of  the  other  alkaloids  of  A.  aphylla  toward  this  reagent. 


In  the  first  instance  we  studied  the  sulfonation  of  lupinine,  which  forms  the  bulk  of  the 
with  anabasine.  The  interaction  of  lupinine  with  concentrated  sulfuric  acid  at  room  tem¬ 
perature  and  at  100*  with  various  ratios  of  the  reacting  substances  made  it  possible  to 
establish  that  the  reaction  proceeded  through  the  hydroxyl  group  with  the  formation  of 
lupinine  sulfate  (I)  in  a  yield  of  up  to  607o.  As  can  be  seen  from  data  in  Table  1,  the 
temperature  conditions  and  excess  acid  only  affected  the  yield  of  the  ester.  Lupinine 
sulfate  formed  crystals  with  m.p.  274-276*.  It  was  readily  soluble  in  water  and  diffi¬ 
cultly  so  in  methyl  and  ethyl  alcohols;  it  did  not  dissolve  in  other  organic  solvents. 


alkaloids  associated 


CII2OSO2OII 


I  I 

I  \|  I 

\,.  \/ 

(I) 


A  study  was  then  made  of  the  conditions  for  hydrolysis  of  the  ester  by  various  reagents.  The  best  results 
were  obtained  when  the  lupinine  sulfate  was  hydrolyzed  with  157o  hydrochloric  acid  solution  for  80-100  hours 
(Table  2).  The  different  behavior  of  anabasine  and  lupinine  toward  sulfuric  acid  made  it  possible  to  separate 
the  low-boiling  mixture  of  alkaloids  into  individual  bases  (Table  3). 


A  study  was  then  made  of  the  interaction  of  sulfuric  acid  with  other  alkaloids  of  Anabasis  (aphylline) 
aphyllidine  etc.)  at  room  temperature  and  at  100*.  It  was  established  that  like  anabasine,  under  these  conditions 
they  also  gave  readily  decomposable  sulfo  compounds.  This  allowed  us  to  develop  a  method  of  isolating  anab¬ 
asine  and  lupinine  directly  from  anabasine  sulfate  (Table  4). 

The  method  of  isolating  anabasine  and  lupinine  from  the  total  alkaloids  of  Anabasis  could  be  realized  in 
two  ways,  if  barium  carbonate  was  used  for  treating  the  sulfonation  products,  then  the  lupinine  was  isolated  from 
the  mixture  in  the  form  of  the  sulfate;  alkali  could  be  used,  but  in  this  case  the  properties  of  the  sulfate  hindered 
its  isolation  from  the  alkaline  solution;  therefore  hydrolysis  was  necessary  and  then  the  lupinine  was  readily  iso¬ 
lated  in  the  form  of  the  base. 

Anabasine  was  isolated  almost  quantitatively  from  the  mixture  of  alkaloids  and  lupinine  in  50-60"/o  yield. 

EXPERIMENTA  L 

Lupinine  Sulfate  (I).  With  cooling,  1.5  ml  of  concentrated  sulfuric  acid  (d  1.84)  was  added  to  3.0628  g 
of  lupinine  (allowing  1.5  mole  of  sulfuric  acid  to  1  mole  of  lupinine).  The  reaction  mixture  was  left  for  12-14 
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TABLE  1 


Sulfonatlon  of  Luplnine  With  Sulfuric  Acid 


:xpt. 

*iO. 

Reagents 

Molar  ratio 
of  luplnine 
to  HfSO^ 

Yield 

(in%) 

Mother  solution  •> 
residue  after  iso** 
lation  of  luplnine 
ester  crystals 
(in  g) 

luplnine 

(in  g) 

sulfuric 

acid(inml) 

At  roon 

)  temperature 

1 

3.0628 

1.5 

1  : 1.5 

32.21 

1.5254 

2 

3.0324 

2.0 

1  :  2 

42.47 

1.2646 

3 

3.0036 

3.0 

1  :  3 

53.92 

1.2198 

4 

3.0270 

4.0 

1  :  4 

60.54 

0.6516 

At  100® 

1 

3.(K)72 

1.5 

1  :  1.5 

39.30 

1.5278 

2 

3.0234 

2 

1  :  2 

41.57 

1.4108 

3 

3.0116 

3 

1  :  3 

48.51 

1.2594 

4 

3.0176 

4 

1  :  4 

50.41 

1.0648 

TABLE  2 


Hydrolysis  of  Luplnine  Sulfate 


Amount 
of  ester 

(in  g) 

Concentration  of  reagents  (in  g) 

Luplnine 
yield 
(in  %) 

NaOH 

»C1 

HjSO, 

1.0 

5 

2.16 

1.0 

10 

— 

— 

40.02 

1.0 

15 

— 

— 

39.96 

3.0 

— 

1 

— 

94.67 

3.0 

— 

2 

— 

96.06 

3.0 

— 

3 

— 

98.01 

3.0 

— 

5 

— 

99.50 

3.0 

— 

10 

— 

99.55 

3.0 

— 

15 

— 

99.69 

3.0 

— 

— 

1 

14.23 

3.0 

— 

— 

2 

38.52 

3.0 

— 

— 

3 

64.19 

3.0 

— 

— 

5 

94.08 

3.0 

— 

— 

10 

97.29 

3.0 

— 

— 

15 

97.73 

hours  at  room  temperature  and  then  dissolved  In  a  small  amount  of  water  and  treated  with  barium  carbonate 
with  heating.  The  filtrate  after  removal  of  the  precipitate  of  barium  carbonate  and  sulfate  was  evaporated  to 
dryness  and  treated  with  methyl  alcohol;  this  precipitated  crystalline  luplnine  sulfate  (1.4530  g,  32.2%)  with 
m.p.  274-276*. 

Found  %:  N  5.36,  5.56.  M  240.1,  239.4.  C10H19Q4NS.  Calculated  %:  N  5.60.  M  249. 

The  experiments  on  the  preparation  of  luplnine  sulfate  at  100*  differed  only  in  that  instead  of  standing 
at  room  temperature,  the  reaction  mixture  was  heated  for  8  hours  at  100*  (Table  1). 

Hydrolysis  of  Ester.  3  g  of  luplnine  sulfate  in  20  ml  of  1%  hydrochloric  acid  was  boiled  for  10  hours.  The 
solution  was  then  made  alkaline  and  extracted  with  ether.  After  removal  of  the  solvent,  the  oil  crystallized. 

We  obtained  1.9268  g  (94.7%)  of  luplnine  with  m.p.  67-68*. 
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TABLE  3 

Separation  of  Anabasine  —  Luplnlne  Mixture 


Reagents 


anabaslne- 
luplnlne  mix 
lure  ( in^g) 


sulfuric 
acid 
(In  ml) 


Yield  of 

Weight  of 

Yiedd  of 

Molar  ratio 

Yield  of 

mother  solu- 

luplnlne  after 

of  mixture 

1  to  HsSO^ 

anabasine 
(in  %) 

luplnlne  sul¬ 
fate  (In  %) 

tlon  of  re¬ 
sidue  (in  g) 

hydrolysis  of 
mother  solution 
(in  %) 

At  room  temperature 


50.0 

25 

1  :  1.5 

72.0 

37.59 

16.3720 

50.0 

32 

1  :  2 

93.86 

37.15 

1.3.1770 

.50.0 

.50 

1  :  3 

85.33 

38.99 

12.8660 

50.0 

(i6 

1  :  4 

71.0 

21.90 

9.2480 

At  100° 


50.0 

25 

1  :  1.5 

88.00 

22.79 

10.‘K)4(» 

50.0 

.32 

1  ;  2 

95.06 

47.93 

11.2554 

.50.0 

50 

1  :  3 

97.88 

31.61 

12.9838 

50.0 

66 

1  :  4 

84.28 

51.73 

13.2892 

TABLE  4 

Isolation  of  Anabasine  and  Luplnlne  From  Technical  Anabasine  Sulfate 


Reagents  — 
technical 
anabasine 
sulfate 
(in  g) 


H1SO4 

Molar  ratio 

Yield  of 

Yield  of 

Mother 

anabasine 

luplnlne  sul¬ 
fate  (in  %) 

solution 

(In  ml) 

of  reagents 

(in  %) 

(in  g) 

Yield  of 
luplnlne  after 
hydrolysis 
(m  °lo) 


At  room  temperature 


125 


32  1:2 


!K).59 


19.38 


21.15  29.65 


125 


At  100° 


32 

1  :  2 

88.28 

11.84 

14,94 

4 

4(\96 


Experiments  on  the  hydrolysis  of  the  sulfate  In  the  presence  of  other  concentrations  of  hydrochloric  acid 
and  corresponding  concentrations  of  sulfuric  acid  and  sodium  hydroxide  were  carried  out  under  the  same  conditions 
(Table  2). 

Sulfonatlon  of  an  Anabasine  —  Luplnlne  Mixture  and  Isolation  of  Anabasine.  To  50  g  of  an  anabasine  — 
luplnlne  mixture  was  added  25  ml  of  concentrated  sulfuric  acid  (d  1.84)  with  cooling  (reagent  ratio  1;  1.5).  The 
sulfonatlon  mixture  was  left  for  12-14  hours;  It  was  then  dissolved  In  200  ml  of  water  and  boiled  with  barium 
carbonate.  After  removal  of  the  mixture  of  BaS04  and  BaCOs  precipitates,  the  filtrate  was  extracted  with  chloro¬ 
form.  The  solvent  was  removed  from  the  extract  and  the  residue  vacuum  distilled.  We  obtained  27  g  (72%)  of 
anabasine  with  n^®D  1.5382  (Table  3).  The  aqueous  solution  was  concentrated  and  treated  with  alcohol.  This 
gave  a  crystalline  precipitate  of  luplnlne  sulfate  weighing  6.92  g  (37.59%)  and  having  m.p.  274-276*.  The  anab¬ 
asine  —  luplnlne  mixture  was  separated  with  a  larger  excess  of  sulfuric  acid  under  the  same  conditions.  The 
experiments  at  100*  were  carried  out  analogously  to  that  described  above,  but  Instead  of  standing  at  room  tem¬ 
perature  the  sulfonatlon  mixture  was  heated  for  8  hours. 
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Isolation  of  Anabasine  and  Luplnine  From  Technical  Anabaslne  Sulfate.  With  cooling,  500  ml  of  sulfuric 
acid  (d  1.84)  was  added  to  1  kg  of  technical  anabasine  sulfate  (1.5  mole  of  l^SQi  to  1  mole  of  anabasine).  The 
reaction  mixture  was  kept  at  room  temperature  for  18-20  hours  (or  heated  on  a  water  bath  for  8  hours)  and  then 
dissolved  in  a  small  amount  of  water,  made  alkaline  with  40%  sodium  hydroxide  and  exhaustively  extracted 
with  chloroform.  The  solvent  was  removed  from  the  chloroform  extract  and  the  residue  vacuum  distilled.  We 
obtained  348  g  of  anabasine  and  a  certain  amount  of  a  mixture  of  hi^-boiling  anabasis  alkaloids.  The  aqueous 
mother  solution  was  acidified  with  hydrochloric  acid  to  a  concentration  of  15%.  The  acid  solution  was  heated 
under  reflux  for  80-100  hours.  The  solution  was  then  made  alkaline  and  the  luplnine  extracted  with  chloroform. 
The  solvent  was  distilled  from  the  chloroform  extract  and  the  residue  vacuum  distilled.  We  obtained  43.15  g 
(70.16%)  of  luplnine  with  m.p.  67-68*.  The  residue  was  7.5  g  of  tar,  which  distilled  with  strong  decomposition. 

The  crystalline  sodium  sulfate  which  formed  when  the  sulfonation  mixture  was  decomposed  with  sodium 
hydroxide  was  separated  and  carefully  washed  with  chloroform.  After  being  dried,  the  chloroform  extract  was 
distilled.  This  made  it  possible  to  isolate  a  further  amount  of  anabasine.  The  crystalline  sodium  sulfate  which 
had  been  washed  free  from  anabasine  was  dissolved  in  hydrochloric  acid  up  to  15%  concentration.  The  solution 
was  boiled  for  80-100  hours.  Subsequent  extraction  with  chloroform  yielded  a  further  amount  of  luplnine.  Thus, 
on  the  whole,  it  was  possible  to  isolate  anabasine  in  85-95%  yield  and  luplnine  in  65-70%  yield  (Table  4). 

SUMMARY 

A  sulfuric  acid  method  was  developed  for  separating  a  mixture  of  anabasine  alkaloids.  The  method  was 
quite  simple  and  could  be  quite  applicable  to  the  separation  of  alkaloids  in  laboratory  practice. 
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REMOVAL  OF  THE  COLCHICINE  ACETYL  GROUP 

V.  V.  Kiselev 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 


It  is  known  that  colchicine  derivatives  with  more  basic  properties  than  colchicine  itself  (I)  surpass  it 
chemotherapeutically  in  a  series  of  cases.  Some  of  these  are  colchamine  (II)  [1,  2],  which  has  been  described 
in  foreign  literature  under  the  names  of  "colchltlne"  [3],  "alkaloid  F"  and  "demecholcine"  [4],  desacetylcol- 
chicine  (III)  [5]  and  aminocolchicide  (IV)  [6,  7]. 

On  examining  the  formulas  (I- IV),  it  becomes  evident  that  an  increase  in  the  basic  properties  of  colchi¬ 
cine  may  be  achieved  either  by  removal  of  the  acetyl  group  or  by  replacement  of  the  methoxyl  of  the  tropone 
ring  by  an  amino  group. 
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In  the  first  Instance,  the  action  of  hydrochloric  acid  on  colchicine  hydrolyzes  the  methoxyl  group  of  the 
tropone  nucleus  and  yields  colchiceine  (V)  [8].  Subsequently,  the  acetyl  group  is  removed  to  give  desacetyl- 
colchiceine  (VI)  (trimethylcolchiclnic  acid  according  to  Zeisel).  Colchiceine  is  normally  obtained  by  the 
action  of  dilute  acid.  For  removal  of  the  acetyl  group,  the  process  was  carried  out  in  two  stages  with  isolation 
of  colchiceine  and  the  use  of  comparatively  concentrated  acid  in  the  second  stage  [8,  9].  One -stage  processes 
for  the  preparation  of  desacetylcolchiceine  recently  began  to  be  used  [10-12],  We  proposed  a  one-stage  process 
with  the  use  of  hydrochloric  acid  [12],  Below  we  present  a  simplified  method  for  preparing  desacetylcolchi¬ 
ceine  from  colchicine. 


Consequently,  the  desacetylation  of  colchicine  has  been  worked  out  completely.  Unfortunately,  the  prep¬ 
aration  of  desacetylcolchicine  by  methylation  of  desacetylcolchiceine  is  difficult.  As  is  known,  methylation 
of  the  hydroxyl  group  of  unsymmetrlcally  substituted  tropolones  leads  to  the  formation  of  two  isomers  [13],  This 
also  occurs  with  the  hydroxyl  group  of  the  tropolone  ring  of  colchiceine  [14]  and  desacetylcolchiceine.  In  the 
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latter  case,  the  reaction  products  were  desacetylcolchlcine  and  isodesacetylcolchiclne  (VII)  [10]  and  the  latter 
did  not  have  the  required  biological  activity  [15]. 

We  attempted  to  find  a  method  of  removing  the  acetyl  group  of  colchicine  in  such  a  way  that  the  methoxyl 
group  of  the  tropolone  ring  would  be  retained.  It  was  previously  reported  that  desacetylcolchlcine  could  be  ob¬ 
tained  directly  from  colchicine  by  treating  the  latter  with  a  solution  of  hydrogen  chloride  in  anhydrous  methanol 
[12].  Changing  the  experimental  conditions  did  not  lead  to  an  Improvement  in  yield.  Further  study  showed  that 
the  process  did  not  proceed  in  one  stage,  but  was  more  complex  and  went  through  desacetylcolchiceine,  which 
was  methylated  under  the  reaction  conditions.  The  evidence  of  this  reaction  course  was  the  following  facts: 

1)  the  presence  of  desactylcolchiceine  in  the  reaction  mixture  was  detected;  2)  under  the  reaction  conditions, 
it  was  possible  to  methylate  desacetylcolchiceine  and  obtain  desacetylcolchicine;  3)  desacetylisocolchicine  was 
detected  in  the  reaction  mixture  by  means  of  paper  chromatography. 

Under  otherwise  equal  conditions,  the  amount  of  colchicine  reacting  and  the  yield  of  desacetylcolchicine 
changed  in  relation  to  the  concentration  of  hydrogen  chloride.  In  particular,  at  higher  concentrations  of  hydro¬ 
gen  chloride,  hardly  any  desacetylcolchicine  was  obtained  and  the  bulk  of  the  colchicine  did  not  react.  This 
fact  also  confirmed  the  reaction  course  presented  above.  It  is  known  that  a  high  concentration  of  hydrochloric 
acid  in  a  mixture  of  alcohol,  carboxylic  acid  and  corresponding  ester  promotes  esterification  and  not  hydrolysis 
[16-18].  Therefore,  in  our  case,  at  high  hydrogen  chloride  concentrations  the  formation  of  desacetylcolchiceine 
was  found  to  be  limited;  consequently,  the  formation  of  desacetylcolchicine  was  also  limited.  These  observa¬ 
tions  again  confirmed  the  presence  of  an  analogy  between  esters  and  colchiceine  ethers. 

Removal  of  the  acetyl  group  without  touching  the  substituents  of  the  tropolone  ring  has  been  achieved  for 
certain  colchicine  derivatives.  Thus,  Velluz  and  Muller  [19]  found  that  hydrolysis  of  thiocolchicine  (Vni)  with 
an  aqueous  methanol  solution  of  hydrogen  chloride  yielded  desacetylthiocolchicine  (DC). 

We  were  able  to  hydrolyze  aminocolchicide  (IV)  with  dilute  hydrochloric  acid  and  obtained  aminodes- 
acetylcolchicide  (X),  which  was  characterized  as  the  hydrochloride.  Aminodesacetylcolchicide  was  obtained 
previously  by  other  authors  [10]  starting  from  desacetylcolchicine.  Analysis  of  the  hydrochloride  confirmed  the 
over-all  formula  of  aminodesacetylcolchicide  as  Cjji^QiNj.  Aminodesacetylcolchicide  was  a  monoacldlc  base, 
as  followed  from  the  results  of  potent iometric  titration  and  analysis  data  on  the  hydrochloride.  The  basicity 
must  have  been  due  to  the  amino  group  formed  by  deacetylation,  though  the  amino  group  of  the  tropone  ring  also 
had  weak  basic  properties.  This  conclusion  follows  in  analogy  with  the  properties  of  aminocolchicide.  The 
latter  forms  a  hydrochloride,  which  is  readily  decomposed  by  water.  The  weak  basicity  of  the  amino  group  of 
aminocolchicide  also  appeared  in  an  attempt  to  determine  its  equivalent:  in  a  back  titration,  the  acid  taken 
was  titrated  completely. 

With  aminodesacetylcolchidide,  the  basicity  of  the  amino  group  of  the  tropone  ring  appeared  when  we  took 
excess  hydrochloric  acid  in  the  preparation  of  the  hydrochloiide;  in  this  case  the  analysis  for  chlorine  gave  hi^ 
results  and  the  acidity  of  aqueous  solution  of  the  hydrochloride  was  considerably  higher. 

With  a  change  in  the  concentration  of  the  aqueous  solution,  the  hydrochloride  of  aminodesacetylcolchicine 
changed  the  value  of  its  specific  rotation  considerably.  In  a  series  of  experiments  carried  out  at  temperatures 
from  +17  to  +22",  we  found  a  linear  dependence  expressed  by  the  formula: 

[a]p  =  —  [140  (c  -  0.22)  +  200]" . (1) 

where  c  is  the  concentration  in  the  range  0.350-0.700  g  of  substance/lOO  ml  of  solution. 

We  are  very  grateful  to  L.  M.  Utkin  for  his  interest  in  this  work. 

EXPERIMENTAL 

Desacetylcolchiceine  (VI)  (trimethylcolchicinic  acid)  From  Colchicine.  49.5  g  of  colchicine,  100  ml  of 
water  and  100  ml  of  dilute  hydrochloric  acid  (d  1.046)  were  heated  on  an  oil  bath  in  a  round-bottom  flask  fitted 
with  a  stirrer  and  a  reflux  condenser.  2.3  mole  of  hydrochloric  acid  were  taken  for  each  mole  of  colchicine. 

The  mixture  was  boiled  for  6  hours.  The  colchiceine  precipitate,  which  appeared  at  the  beginning  of  heating, 
gradually  dissolved.  The  solution  was  filtered  to  remove  a  small  amount  of  impurities  and  evaporated  on  a  water 
bath.  Filtration  and  washing  with  the  minimal  amount  of  water  yielded  desacetylcolchiceine  hydrochloride;  the 
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weight  was  44.61  g  and  the  yield,  calculated  for  a  water  of  crystallization  content  of  1.75  moles  [8],  was  87.9%. 
Isolation  of  the  desacetylcolchicelne  and  its  recrystallization  from  methyl  alcohol  yielded  37.75  g  of  desacetyl- 
colchlceine;  the  yield,  calculated  on  a  methyl  alcohol  of  crystallization  content  of  2  moles,  [20],  was  74.8%; 
the  m.p.  was  157.2-158.8*,  which  is  close  to  literature  data  [8, 10, 11].  In  a  series  of  experiments  we  Isolated 
desacetylcolchicelne  by  precipitating  it  by  neutralization  of  the  acid  solution;  the  yield  of  precipitated  product, 
calculated  on  2  moles  of  water  of  crystallization  [8],  was  84.9%  and  after  recrystalllzatlon  from  methyl  alcohol, 
81.2%. 

Desacetylation  of  Colchicine  in  a  Methanol  Solution  of  Hydrogen  Chloride.  In  all  the  experiments,  we 
used  similar  reaction  mixtures:  5.0  ml  of  a  solution  of  hydrogen  chloride  in  anhydrous  methanol  was  taken  with 
0.25  g  of  colchicine.  After  standing  at  room  temperature,  the  mixture  was  diluted  with  water.  The  acid  solution 
yielded  a  neutral  fraction  (A),  a  fraction  of  bases,  which  were  insoluble  in  alkalis  (B)  and  a  fraction  of  bases, 
which  dissolved  in  alkalis  (C).  Fractions  (A)  and  (C)  were  recrystallized  from  ethyl  acetate  and  methanol,  re¬ 
spectively.  We  recovered  colchicine  and  desacetylcolchicelne.  In  a  series  of  experiments  we  limited  ourselves 
to  a  qualitative  reaction  for  desacetylcolchicelne.  Fraction  (B)  was  dissolved  in  alcohol  and  acidified  with  an 
alcohol  solution  of  tartaric  acid;  desacetylcolchicine  bitartrate  crystallized  on  standing.  The  best  results  were 
obtained  with  a  ratio  of  10-25  moles  of  HCl  per  mole  of  colchicine.  Increasing  the  length  of  the  process  from 
5-6  to  10-15  days  and  more  did  not  improve  the  yield  appreciably,  while  the  amount  of  colchicine  recovered 
fell.  With  a  considerable  excess  of  hydrogen  chloride  (about  100  moles  per  mole  of  colchicine),  the  reaction 
hardly  proceeded  and  80-90%  of  the  colchicine  was  recovered.  In  this  case  the  presence  of  desacetylcolchicelne 
was  not  detected.  The  best  yield  of  desacetylcolchicelne  bitartrate  was  0.03-0.04  g  or  10-15%  of  theoretical, 
calculated  on  the  colchicine  reacting. 

In  one  of  the  experiments,  carried  out  under  favorable  conditions,  it  was  shown  that  the  mother  solution 
after  removal  of  the  desacetylcolchicine  bitartrate  contained  isodesacetylcolchicine.  For  this  purpose,  the  base 
from  the  mother  solution  was  chromatographed  on  paper.  The  Rf  value  was  0.27  (in  two  experiments).  Simul¬ 
taneously  we  found  0.27  and  0.29  for  isodesacetylcolchicine  and  0.21  and  0.20  for  desacetylcolchicine.  Ascend¬ 
ing  chromatography  was  used.  The  solvent  system  was  isoamyl  alcohol:  water:  acetic  acid  in  the  ratio  50:  50 : 1.* 

Action  of  Methanolic  Hydrogen  Chloride  on  Desacetylcolchicelne  (VI).  1.0  g  of  desacetylcolchicelne, 
recrystallized  from  methanol,  was  dissolved  in  20  ml  of  a  solution  of  1.065  g  (about  12  moles)  of  hydrogen  chlo¬ 
ride  in  anhydrous  methanol  and  left  at  room  temperature.  After  6  days,  the  acid  solution  was  diluted  with  water 
and  a  fraction  of  bases,  which  were  insoluble  in  alkalis  (A),  and  a  fraction  of  bases,  which  were  soluble  in  alkalis 
(B),  were  isolated.  Fraction  (A)  yielded  0.47  g  of  desacetylcolchicine  bitartrate.  The  mother  solution  was  shown 
to  contain  isodesacetylcolchicine:  simultaneously  with  the  above  experiments,  the  value  was  determined  chro- 
matographically  and  found  to  equal  0.29  and  0.30,  respectively. 

Desacetylaminocolchicide  (X).  25.8  g  of  aminocolchicide  was  boiled  for  4  hours  in  110  ml  of  10%  hydro¬ 
chloric  acid.  The  cooled  acid  solution  was  washed  with  chloroform  and  made  alkaline  with  excess  10%  NaOH. 

The  base  liberated  was  extracted  with  chloroform.  The  extracts  yielded  22.5  g  of  a  tarry  residue,  which,  accord¬ 
ing  to  titration,  contained  77.1%  of  desacetylaminocolchicide,  which  represented  a  yield  of  88.37o,  considering 
that  the  original  aminocolchicide  contained  13.4%  (0.5  mole)  of  chloroform  of  crystallization.  The  substance 
was  dissolved  in  35  ml  of  alcohol  and  7.4  ml  of  an  alcohol  solution  containing  1.85  g  of  HCl  (calculated  on  1 
mole  of  HCl  to  1  mole  of  amine)  added.  Yellow  desacetylaminocolchicide  hydrochloride  crystallized  on  standing. 
After  recrystallization  from  alcohol,  it  had  m.p.  225-230*  (with  blackening).  A  mixture  with  desacetylaminocol¬ 
chicide  hydrochloride,  obtained  from  desacetylcolchicine,  melted  without  depression.  The  hydrochloride  was 
readily  soluble  in  water. 

For  ~0.5%  solution  at  pH  from  5.5  to  6.0.  [af®D  -  222.0*  (c  0.384),  [af^D  -  234.0*  (c  0.450),  [a]**D  - 
265.1*  (c  0.650).  Calculated  from  formula  (1):  [a]^  -223.0*,  -232.2*>  -260.4".  For  analysis,  the  substance 
was  dried  for  8  hours  at  3  mm  and  100";  weight  loss  10.92%.  Ci9H2204Nj  •  HCl  •  C2H5OH.  Calculated  %;  CJH5OH 
10.85. 

Found  %:  N  7.21;  Cl  9.27.  C19H23O4N2CI.  Calculated  %:  N  7.40;  Cl  9.37. 

On  determining  the  carbon  and  hydrogen,  it  was  not  possible  to  obtain  satisfactory  results.  Similar  diffi¬ 
culties  were  reported  for  aminocolchicide  and  its  N -derivatives  [21]. 

*The  paper  was  from  the  Leningrad  factory.  The  chromatograms  were  developed  with  a  modification  of 
Dragendorf’s  reagent. 
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SUMMARY 


1.  A  simplified  procedure  is  presented  for  the  preparation  of  desacetylcolchiceine  from  colchicine. 

2.  It  was  found  that  in  the  action  of  hydrogen  chloride  in  methyl  alcohol  on  colchicine,  desacetylcolchicine 
was  obtained  by  methylation  of  the  initially  formed  desacetylcolchiceine. 

3.  It  was  found  that  aminodesacetylcolchicide  could  be  obtained  by  boiling  aminocolchicide  with  hydro¬ 
chloric  acid. 
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INTERACTION  OF  AMMONIA  WITH  THE  OXIDE  OF 


PETROSELA  IDIC  ACID 

G.  V.  Pigulevskii,  I.  L.  Kuranova  and  Yu.  D.  Shenin 
Leningrad  State  University 


In  a  series  of  investigations  [1],  we  showed  that  the  interaction  of  oxides  of  hi^er  unsaturated  acids  with 
amtnonia  led  to  the  formation  of  hydroxy  amino  acids,  whereby  the  hydroxyl  group  appeared  in  position  removed 
from  the  carboxyl  group.  Oxides  corresponding  to  stereoisomeric  acids  (cis-  trans  isomers),  gave  the  correspond¬ 
ing  stereoisomeric  hydroxy  amino  acids.  Two  hydroxyaminostearic  acids  were  thus  synthesized  from  the  oxides  of 
oleic  and  elaidic  acids.  The  oxide  of  petroselenic  acid  yielded  6-amino-7-hydroxyoctadecanolc-l  acid  [2]. 

The  present  work  is  devoted  to  the  study  of  the  reaction  of  ammonia  with  the  oxide  of  petroselaidic  acid 
(trans-A6-octadecenoic-l  acid). 

Petroselaidic  acid  with  m.p.  53-54”  was  obtained  by  elaidation  of  petroselenic  acid.  Oxidation  of  petro¬ 
selaidic  acid  with  peracetic  acid  yielded  the  oxide  with  m.p.  66”.  As  a  result  of  the  interaction  of  ammonia 
with  the  oxide  of  petroselaidic  acid  at  130”,  we  isolated  hydroxyaminostearic  acid,  which,  after  many  recrystal¬ 
lizations  from  isoamyl  alcohol, melted  at  189-190”  (in  a  sealed  capillary)  and  had  the  composition  CjiHstOsN 
according  to  elementary  analysis.  The  hydroxy  amino  acid  was  insoluble  in  the  usual  solvents,  dissolved  in  amyl 
alcohol  with  difficulty  and  was  soluble  in  alkalis  and  acids. 

To  prove  the  structure  of  the  hydroxyaminostearic  acid  synthesized  we  used  oxidation  with  lead  tetraacetate, 
which  we  used  quite  successfully  previously  for  similar  purposes  [3].  As  a  result  of  oxidation  of  the  hydroxyamino¬ 
stearic  acid  with  m.p.  189-190”,  we  isolated  lauric  aldehyde,  which  was  characterized  as  its  semicarbazone  with 
m.p.  102-103”  [4]  and  2,4-dinitrophenylhydrazone  with  m.p.  106”  [5],  and  also  a  nitrogen-containing  product, 
which  gave  adipic  acid  on  hydrolysis.  We  therefore  assumed  that  the  hydroxyaminostearic  acid  with  m.p.  189- 
190”  which  we  obtained  had  the  structure  of  6-amino-7-hydroxyoctadecanoic-l  acid  (I)  and  was  a  stereoisomer 
of  the  corresponding  hydroxy  amino  acid  obtained  from  petroselenic  acid  oxide. 

We  synthesized  derivatives  of  the  hydroxyaminostearic  acid  obtained  from  the  oxide  of  petroselaidic  acid: 
the  hydrochloride  of  the  hydroxy  amino  acid  had  m.p.  128-129”  and  the  composition  CigHssOsNH}  •  HCl  and  the 
hydrochloride  of  its  methyl  ester  (II)  had  m.p.  79-81”. 

CHn-(Cn..),o-(:iI-CII-(GIl2)4-COOIl  Cn3-(CH2),0-Cll-CH-(CI12)4-GOOCH3. 

(ill  lilla  Oil  NH2-IIGI 

(I)  (ID 

It  seemed  of  great  interest  to  compare  the  properties  of  the  stereoisomeric  hydroxy  amino  acids  we  syn¬ 
thesized  and  their  derivatives.  From  the  data  presented  in  the  table  we  see  that  the  melting  points  of  the  hy¬ 
droxy  amino  acid  and  its  derivatives,  obtained  from  the  oxide  of  petroselenic  acid  (cis-isomer)  are  lower  than 
the  melting  points  of  the  hydroxy  amino  acids  and  its  corresponding  derivatives,  synthesized  from  the  oxide  of 
petroselaidic  acid  (trans-isomer). 
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Melting  Points  of  Hydroxy  Atnino  Acids  and  Their  Derivatives 


1 

Name  of  compound  j 

'From  petroselenlc 
acid  oxide  [2] 

Frpmpetro- 
selalalc  acid 
oxide 

Hydroxyamlnostearlc  acid 

133-  1.V|0 

ISO— 100° 

12s -129 

HCl  salt  of  hydroxy- 

SI—  S3 

amlnostearlc  acid 

HCl  salt  of  methyl  ester 

of  l^droxyamlnostearlc 

— 

7!>— SI 

We  encountered  a  similar  analogy  on  comparing  the  properties  of  two  other  hydroxyamlnostearlc  acids, 
which  we  obtained  from  the  oxides  of  oleic  (cis-isomer)  and  elaidlc  (trans-isomer)  acids, respectively  [1], 

In  this  and  In  the  other  case,  thehydroxyamlno  acids  differed  from  each  other  In  sterlc  configuration. 

EX  PERIMENTA  L 

Preparation  of  Petroselaldlc  Acid.  47  g  of  petroselenlc  acid  was  subjected  to  elaidinatlon  by  Gold's 
method  [6].  The  petroselaldlc  acid  obtained  was  recrystalllzed  from  anhydrous  alcohol  and  had  m.p.  53-54* 
and  an  Iodine  number  of  87.  The  yield  was  70%. 

Preparation  of  Oxide.  33  g  of  petroselaldlc  acid  was  oxidized  with  peracetic  acid  in  ether  solution.  As 
a  result,  we  Isolated  an  oxide,  which  had  m.p.  66*  after  recrystalllzatlon  from  70%  alcohol  [7]. 

Interaction  of  Ammonia  With  Oxide.  We  reacted  ammonia  with  the  oxide  by  the  procedure  we  described 
previously  [1].  The  product  obtained  was  purified  by  many  recrystallizations  from  isoamyl  alcohol  and  had 
m.p.  189-190*  (In  a  sealed  capillary).  The  yield  was  38%. 

Found  %:  C  68.21, 68.33;  H  11.83,  11.80;  N  4.48,  4.52.  C18H37O3N.  Calculated  %:  C  68.52;  H  11.82; 

N  4.44. 

Oxidation  With  Lead  Tetraacetate.  8.5  g  of  the  hydroxyamlnostearlc  acid  was  oxidized  under  the  condi¬ 
tions  described  previously  [3].  This  yielded  laurlc  aldehyde  (74%)  and  a  nitrogen-containing  substance. 

The  semicarbazone  of  laurlc  aldehyde  had  m.p.  102-103*.  A  mixed  melting  point  with  3  specially  syn¬ 
thesized  sample  was  not  depressed. 

Found  %:  N  17.44,  17.38.  Ci3H„ON3.  Calculated  %:  N  17.45. 

The  2,4-dinitrophenyIhydrazone  of  laurlc  aldehyde  melted  at  106*. 

Found  %:  N  15.45,  15.35.  CuHig04N4.  Calculated  %>:  N  15.39. 

As  a  result  of  hydrolysis  of  the  nonvolatile  nitrogen-containing  substance,  we  obtained  adipic  acid,  whose 
presence  was  established  by  paper  chromatography  [8]  (solvent  —  water-saturated  butanol;  reference  —  authentic 
adipic  acid). 

Preparation  of  Hydrochloride.  1.5  g  of  hydroxyamlnostearlc  acid  was  treated  with  7  ml  of  dilute  hydrochloric 
acid  containing  0.18  g  of  gaseous  HCl.  The  salt  was  liberated  Immediately  as  a  crystalline  precipitate.  After 
recrystalllzatlon  from  water  and  careful  drying  In  a  vacuum  desiccator  over  solid  KOH,  the  salt  melted  at  128-129*. 

Found  %:  Cl  10.12,  10.12.  CJ8H38O3NCI.  Calculated  %:  Cl  10.08. 

Preparation  of  Hydrochloride  of  Methyl  Ester.  We  described  the  preparation  procedure  previously  [1].  The 
salt  obtained  was  purified  by  recrystalllzatlon  from  ethyl  acetate  and  appeared  as  fine  needles  with  m.p.  79-81*. 

Found  %:  Cl  9.46,  9.51.  C19H40O3NCI.  Calculated  7o:  Cl  9.69. 
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SUMMARY 


1.  Interaction  of  ammonia  with  the  oxide  of  petroselaidlc  acid  yielded  6-aminp-7-hydroxyoctadecanoic- 
1  acid  with  m.p.  189-190*,  which  was  stereoisomeric  with  the  hydroxy  amino  acid  synthesized  from  the  oxide  of 
petroselenlc  acid. 

2.  The  hydrochloride  of  6-amino-7-hydroxyoctadecanoic-l  acid  with  m.p.  128-129*  and  the  hydrochloride 
of  its  methyl  ester  with  m.p.  79-81*  were  synthesized. 
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STUDY  OF  ALKALOIDS  OF  THE  Cu  SERIES 
II.  THE  ESTERS  OF  MATRIC  ACID 

A.  S.  Sadykov  and  Ya.  I.  Pakanaev 

Central  Aslan  State  University  and  Bukhara  Pedagogical  Institute 


In  the  previous  articles  [1],  reports  were  given  on  new  methods  of  isolating  matrine  and  matrine  N-oxide 
from  the  vat  residues  from  the  production  of  pachycarpine  at  the  Chimkent  chemical  pharmaceutical  factory 
and  also  on  sophocarpinols. 

In  the  present  paper  we  present  the  results  of  synthesizing  esters  of  matric  acid,  starting  from  the  potassium 
salt  of  matric  acid  and  appropriate  alcohols  by  the  scheme: 


OOK 


+  KOH  (iiciT 


/\ 

IcOOH 


NH 


\A/ 


KCl  +  II2O 


The  reaction  was  accomplished  by  passing  dry  hydrogen  chloride  into  a  solution  of  the  potassium  salt  of 
matric  acid  in  the  appropriate  alcohol  [2].  The  unreacted  alcohol  was  removed  by  distillation  and  the  residue 
made  alkaline  with  35^^  sodium  hydroxide  and  extracted  with  ether.  Removal  of  the  solvent  left  crystalline 
esters  of  matric  acid. 

In  this  way  we  synthesized  the  methyl,  ethyl,  propyl,  isopropyl,  butyl,  isobutyl,  amyl  and  benzyl  esters  of 
matric  acid.  They  were  colorless,  crystalline  substances,  which  dissolved  readily  in  water  and  the  usual  organic 
solvents  and  with  more  difficulty  in  ligroin.  The  methyl,  ethyl,  butyl  and  benzyl  esters  distilled  in  vacuum  and 
did  not  change  during  long  storage.  All  the  ester  titrated  as  monoacidic  bases. 

The  properties  of  the  esters  synthesized  are  presented  in  the  table. 

EX  PERIMENT A  L 

Isobutyl  Ester  of  Matric  Acid.  Into  a  solution  of  5  g  of  the  potassium  salt  of  matric  acid  in  50  ml  of  anhy¬ 
drous  isobutyl  alcohol  was  passed  hydrogen  chloride  for  2  hours.  A  few  minutes  after  the  passage  of  hydrogen 
chloride  began,  the  whole  of  the  potassium  salt  of  matric  acid  precipitated  as  the  hydrochloride,  which  gradually 
dissolved  as  more  hydrogen  chloride  was  passed.  At  this,  the  solution  evolved  a  considerable  amount  of  heat;  the 
mixture  was  cooled  with  water.  At  the  end  of  the  reaction,  potassium  chloride  precipitated  to  the  bottom  of  the 
flask  and  was  removed  by  filtration.  The  alcohol  solution  was  evaporated  to  dryness  in  vacuum.  The  hydrochloride 
thus  obtained  was  found  to  be  a  strongly  hygroscopic  substance.  It  was  dissolved  in  10  ml  of  water  and  transferred 
to  a  separatory  funnel.  With  cooling,  100  ml  of  ether  and  15  ml  of  35%  sodium  hydroxide  were  poured  in  and  a 
considerable  amount  of  potash  was  added  until  a  paste  formed.  After  vigorous  shaking,  the  ether  solution  was 
poured  off  and  the  residue  again  extracted  with  ether  (3  X50  ml).  The  combined  ether  extracts  were  filtered  and 


2416 


Esters  of  Matric  Acid 


Name 

Empirical 

Yield 

(ln%) 

Melting 

Analysis  data  on 
nitrogen  (In  %) 

j  Melting  point  of  derivatives 

formula 

point 

found 

calcuH 

lated 

picrate 

lodo- 

ethylate 

hydro - 
iddlde 

Methyl 

Ethyl 

Propyl 

Cioll2H^2-^2 

46.2 

79° 

10.11, 10..32 

10.0 

105-106° 

(53 

75—76 

9.23,  9..54 

9..52 

94 

283-284° 

— 

Cih**:J202N2 

62 

60 

9.27,  9.0 

9.09 

57 

— 

— 

Isopropyl 

Butyl 

f^l8^*32f^2N2 

33 

61 

8.86,  9.27 

9.09 

86 

270-271 

— 

40.2 

73 

8.62,  8.70 

8.69 

116 

_ 

279° 

Isobutyl 

f’inH:i4^2N2 

:^2 

195-196 

8.72,  8.-58 

8.69 

113—114 

— 

_ 

Amyl 

^^oII;»D2N2 

53.1 

148 

8.35,  8.12 

8.33 

96—  98 

— 

— 

Benzyl 

t-!22^J.T2U2l'l2 

41 

(58 

7.91,  7.78 

7.83 

1  ((2-103 

— 

265—266 

dried  with  potassium  carbonate.  Removal  of  the  solvent  left  colorless  crystals  of  the  isobutyl  ester  of  matric 
acid  with  m.p.  195-196*.  The  yield  was  2.6  g  (52%). 

The  other  esters  were  synthesized  similarly. 

SUMMARY 

Starting  from  the  potassium  salt  of  matric  acid  and  the  appropriate  alcohols,  we  synthesized  the  methyl, 
ethyl,  propyl,  isopropyl,  butyl.  Isobutyl,  amyl  and  benzyl  esters  of  matric  acid. 
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INVESTIGATION  OF  ACONITUM  NEMORUM  ALKALOIDS 
N.  K.  Abubakirov  and  Z.  I.  Chuprova 

Institute  of  the  Chemistry  of  Plant  Materials  Academy  of  Sciences  Uzbekh  SSR 
and  Kazakh  Medical  Institute 


Of  the  Catenata  section  of  the  Aconitum  genus,  to  which  Aconitum  nemorum  M.  Pop.  (Wood  Aconite) 
belongs,  A.  talassicum  [1,  2]  and  A,  soongoricum  [3,  4]  have  been  investigated  previously.  Alkaloids  of  the 
atisine  group  were  found  in  both  plants. 

As  material  for  our  investigations  we  used  the  above-ground  parts  and  the  roots  of  A.  nemorum,  collected 
in  the  mountains  of  the  Zailiisk  Ala-Tau  (in  the  neighborhood  of  N.  Turgen’,  Alma-Ata  district)  at  various 
phases  of  the  plant’s  growth.  The  alkaloid  contents  of  the  different  organs  were  not  the  same  [5]  and  varied 
considerably,  depending  on  the  time  of  gathering.  The  maximum  amount  of  alkaloids  (up  to  2.18*^fe)  accumu¬ 
lated  in  the  roots  toward  the  end  of  the  plant’s  growth. 

The  bulk  of  the  total  alkaloids  in  all  the  plant  samples  we  investigated  consisted  of  a  new  alkaloid  named 
nemorinc.  The  alkaloid  gave  a  readily  crystallizable  oxalate,  tartrate  and  picrate;  crystalline  salts  were  not 
obtained  with  mineral  acids.  Elementary  analysis  of  nemorine  in  conjunction  with  the  molecular  weight,  deter¬ 
mined  both  by  titration  and  by  the  cryoscopic  method,  led  to  the  formula  C24H39O4N.  In  attempts  at  hydrogena¬ 
tion  with  a  platinum  catalyst,  the  nemorine  was  recovered  unchanged.  In  agreement  with  this,  the  UV  absorp¬ 
tion  spectrum  of  the  alkaloid  (in  heptane)  and  its  hydrochloride  (in  water)  showed  no  absorption  maxima  in  the 
range  220-360  mp,  which  is  characteristic  of  double  bonds.  The  Zerevitinov-Chugaev  method  showed  that 
nemorine  contained  two  free  hydroxyl  groups.  In  a  reaction  with  acetyl  chloride,  one  of  these  was  acetylated 
with  the  formation  of  O-acetylnemorine.  The  other  two  oxygen  atoms  were  present  in  the  form  of  methoxyl 
groups.  When  heated  with  hydriodic  acid,  the  two  latter  were  readily  hydrolyzed  to  give  a  compound  with  the 
composition  C22^^3303N,  which  was  named  aponemorine  in  analogy  with  apomorphine.  Apparently,  in  addition 
to  hydrolyzing  the  methoxyl  groups,  hydriodic  acid  simultaneously  reduced  one  of  the  existing  or  free  hydroxyl 
groups.  Nemorine  was  recovered  unchanged  from  a  reaction  with  methyl  iodide  in  methanol  solution.  For  deter 
mination  of  the  character  of  the  N-alkyl  group,  the  nemorine  was  oxidized  with  potassium  permanganate.  This 
yielded  acetaldehyde,  indicating  that  an  ethyl  group  was  attached  to  the  nitrogen  in  the  nemorine  molecule. 

All  this  indicated  that  the  formula  for  the  nemorine  molecule  could  be  expanded  to  the  following  form; 
C*sHjrfOH)2(OCH3)2NC2H5. 


EX  PERIMENTA  L- 

Isolation  of  alkaloids.  20  kg  of  dry,  powdered  roots  of  wood  aconite  (gathered  in  autumn)  were  wetted 
with  207o  sodium  carbonate  solution  and  exhaustively  extracted  with  chloroform.  The  alkaloids  were  extracted 
from  the  chloroform  solution  first  with  lO^o  and  then  with  5%  sulfuric  acid.  The  solutions  were  made  alkaline  with 
sodium  bicarbonate  and  the  alkaloids  extracted  with  chloroform.  Removal  of  the  solvent  left  43.6  g  of  total 
alkaloids,  representing  2.18*^  of  the  weight  of  the  original  raw  material. 

For  separation,  the  total  alkaloids  were  dissolved  in  1%  H2SO4  and  fractionally  extracted:  firstly  (without 
being  made  alkaline)  with  chloroform,  secondly  (after  the  addition  of  sodium  acetate)  with  ether  and  thirdly 
(after  being  made  alkaline  with  sodium  carbonate),  exhaustively  with  chloroform.  Paper  chromatography  (system: 
n-butanol  —  water  —  acetic  acid  10:4:1;  developer  —  Dragendorf’s  reagent)  showed  that  the  first  fraction  contained 
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two  substances  (Rj  0.80-0.84,  0.72-0.74),  the  second,  three  (Rf  0.72-0.74,  0.59-0.60,  0.49-0.61)  and  the  third, 
one  (Rf  0.59). 


We  investigated  the  third  fraction,  which  was  greatest  in  amount  (30.0  g)  and  consisted  of  strong  bases.  It 
was  repeatedly  treated  with  hot  ligroin.  The  solution  obtained  was  filtered  and  concentrated  to  small  volume. 

On  standing,  this  solution  deposited  a  dark  yellow  crystalline  precipitate  of  nemorine. 

Similarly,  the  leaves  collected  in  autumn  yielded  0.28%  of  total  alkaloids  (according  to  the  data  of  Yunusov 
[3],  the  above-ground  part  of  A.  nemorum  contains  0.26%  of  alkaloids),  including  0.07%  of  nemorine.  Paper 
chromatography  established  that  the  above-ground  organs  of  the  plant  contained  the  same  substances  as  the  roots. 

Nemorine.  The  crude  alkaloid  was  recrystallized  from  aqueous  acetone  and  then  many  times  from  methanol. 
Nemorine  was  deposited  from  methanol  solution  in  the  form  of  elongated  prisms  with  m.p.  126-128*,  [0/^*0  — 

4.5  i  1*  (c  4.16,  ethanol).  Nemorine  was  readily  soluble  in  ether,  chloroform,  benzene,  acetone  and  ethyl  and 
methyl  alcohols  and  difficultly  soluble  in  water  (1 : 1000). 

Found  %:  C  71.23,  71.25;  H  9.97,  9.93;  N  3.56;  OCH,  14.91,  15.19;  H  (active)  0.44,  0.40  Equiv.  417.80, 
411.85  (acidimetry).  M  407.17  (by  Rast's  method).  C24H3g04N.  Calculated  %;  C  71.07;  H  9.69;  N  3.45;  2C)CH3 
15.30;  2H  (active)  0.50.  M  405.58. 

Nemorine  oxalate  was  obtained  by  mixing  acetone  solutions  of  the  alkaloid  and  oxalic  acid.  After  re- 
crystallization  from  acetone,  the  acid  oxalate  of  nemorine  melted  at  175-176*.  Nemorine  oxalate  was  readily 
soluble  in  methanol,  ethanol  and  acetone. 

Found  %:  C  61.12,  61.25;  H  8.10,  7.98;  N  2.67,  2.77;  HjO  3.36.  C,4H3904N  •  CsHjQ*  •  HjO.  Calculated  %: 

C  60.80;  H  8.44;  N  2.73;  HjO  3.51. 

Nemorine  tartrate  was  obtained  by  mixing  an  alcohol  solution  of  tartaric  acid  with  an  acetone  solution  of 
the  alkaloid.  After  recrystallization  from  anhydrous  alcohol,  the  salt  had  m.p.  162-163". 

Nemorine  picrate  was  formed  by  mixing  alcohol  solutions  of  nemorine  and  picric  acid.  After  recrystalliza¬ 
tion  from  anhydrous  alcohol,  the  picrate  melted  at  105-106*. 

O-Acetylnemorine.  2.0  g  of  nemorine  in  30  ml  of  acetyl  chloride  was  left  to  stand  in  a  sealed  tube  for 
13  days.  The  oil  which  formed  after  evaporation  of  the  excess  acetyl  chloride  was  dissolved  in  water.  The 
solution  was  neutralized  with  ammonia  and  the  base  extracted  with  ether.  After  many  days  standing,  the  ether 
solution  (evaporated  to  small  volume)  deposited  rhombic  crystals.  After  recrystallization  from  ether,  the 
O-acetylnemorine  had  m.p.  110-113*. 

Found  %:  C  69.95,  69.68;  H  9.01,  9.39;  N  2.98,  3.00.  Equiv.  454.50  (acidimetry)  CjsH^iOgN.  Calculated 
%:  C  69.77;  H  9.23;  N  3.13.  M  447,62. 

Determination  of  N-alkyl  Group.  Over  a  period  of  an  hour,  10  ml  of  5%  aqueous  potassium  permanganate 
solution  was  added  dropwise  to  an  ice-cooled  solution  of  1.0  g  of  base  in  5  ml  of  1  N  sulfuric  acid.  The  aldehyde 
thus  cleaved  was  condensed  with  dimedone  in  the  usual  way  [2,  3].  The  crystals  obtained  had  m.p.  135-137*  and 
did  not  depress  the  melting  point  of  the  product  from  the  condensation  of  acetaldehyde  with  dimedone. 

Aponemorine.  A  solution  of  2.0  g  of  nemorine  in  8  ml  of  hydriodic  acid  (d  1.7)  was  heated  for  an  hour 
at  a  bath  temperature  of  130-135*  until  the  methyl  iodide  had  distilled  completely.  The  cooled  solution  was 
neutralized  with  ammonia  and  the  base  extracted  with  ether.  The  extract  was  dried  with  potassium  carbonate, 
and  the  ether  removed  to  yield  1.8  g  of  a  substance,  which  had  m.p.  168-170*  after  many  recrystallizations 
from  methanol.  Aponemorine  was  readily  soluble  in  methanol,  ethanol,  chloroform  and  ether. 

Found  %:  C  73.37,  73.90;  H  9.05,  9.26;  N  4.04,  4.08.  C22H33O3N.  Calculated  %:  C  73.50;  H  9.25; 

N  3.90. 


SUMMARY 

A  new  alkaloid,  nemorine,  with  the  composition  C24H39O4N  was  isolated  from  wood  aconite  (Aconitum 
nemorum  M.  Pop.).  From  a  determination  of  the  functional  groups,  a  partially  expanded  formula  of  nemorine 
is  given:  C2oH2g(OH)2(OCH3)2NC2H5. 


2419 


LITERATURE  CITED 

tl)  R.  A.  Konovalova  and  A.  P.  Orekhov,  J.  Gen.  Chem.  10,  745  (1940)  (USSR]. 

[2]  S.  Yu.  Yunusov,  E.  V.  Slchkova,  and  G.  F.  Potemkin,  J.  Gen.  Chem.  24,  2237  (1954).* 

[3]  S.  Yu.  Yunusov,  J.  Gen.  Chem.  18,  515  (1948)  [USSR]. 

[4]  A.  D.  Kuzovkov  and  P.  S.  Massagetov,  J.  Gen.  Chem.  26,  281  (1956).* 

[5]  Z.  I.  Chuprova,  Coll.  Sci.  Work  of  the  Pharmacology  Department  of  the  Kazakh  State  Medical 
Institute  1,  127  (1957). 

Received  June  11,  1958 


*  Original  Russian  pagination.  See  C.  B.  Translation. 


2420 


LETTERS  TO  THE  EDITOR 


PHOTOCHEMICAL  ISOMERIZATION  OF  VINYL  KETONES 
TO  ALLYL  KETONES 

R.  Ya.  Levina,  V.  N.  Kostin  and  P.  A.  Gembitikii 
Moscow  State  Univenity 


The  acylation  of  tryptene  (2,2,3-trimethylbutene-3)  with  acetic  anhydride  in  the  presence  of  phosphoric 
acid  led  to  the  formation  of  an  unsaturated  ketone  with  a  double  bond  in  the  B  ,y  -position  with  respect  to  the 
carbonyl  group,  namely,  2,2-dimethyl-3-methylenehexanone-5  (I). 


(Cn3)aC-C=CH2 


(CH,C0).0 
HjPO,  ' 


CM3 


OCOCllg 

I 

(GH3)3C-C-CH2-C0CH3 


— *  (GH3)3C-G-CH2C0CH3 

CH2 

(I) 


-CH.COOH 


On  standing  for  several  months,  ketone  (I)  isomerized  with  transposition  of  the  double  bond  to  2,2,3-tri- 
methylhexen-3-one-5  (II);  this  formed  an  equilibrium  mixture  of  the  original  ketone  (I)  and  its  isomerization 
product  (II). 


II, so, 

(I)  (CH3)3G-c((:n3)=CH-c()CM3 

(II) 

If  the  equilibrium  mixture  of  isomeric,  unsaturated  ketones  obtained  was  inadiated  in  quartz  with  ultra¬ 
violet  light,  then  its  a,6-form,  the  vinyl  ketone  (H),  isomerized  completely  into  the  original  0,y-form,  the 
allyl  ketone  (I):  (II)  -►(I). 

Thus,  from  a  mixture  of  a,B-  and  3  ,y -unsaturated  ketones  there  was  formed  pure  3  ,y -unsaturated  ketone, 
2,2-dimethyl-3-methylenehexanone-5. 

Wishing  to  determine  whether  this  photochemical  isomerization  of  vinyl  ketones  into  allyl  ketones  had  a 
general  nature,  we  also  irradiated  1-acetylcyclohexene-l  with  ultraviolet  light;  it  was  found  that  1-acetyl- 
cyclohexene -1  was  approximately  50*70  isomerized  to  l-acetylcyclohexene-2. 


/\ 

1  1 

1 

^^COClIa 

^COCMa 

Thus,  vinyl  ketones  are  isomerized  photochemically*  (partially  or  completely)  to  allyl  ketones. 

*  It  is  known  that  vinyl  ketones  are  isomerized  to  allyl  ketones  under  the  action  of  acids  and  alkalis  [1]. 
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EXPERIMENTAL 


Acylation  o(  Tryptcne.  Tryptenc  (0.5  mole),  acetic  anhydride  (1  mole)  and  phosphoric  acid  (1  g)  were 
stirred  for  25  hours  at  20*  and  then  poured  onto  Icc.  After  the  usual  processing  of  the  reaction  mixture  and  re¬ 
moval  of  the  iinrcacted  tryptene  by  distillation,  an  unsaturated  ketone,  2,2-dlmethyl-3-methylenehexanone-5, 
was  obtained. 

B.p.  lf)2*  (745  mm),  n*®D  1.4530,  d4*®  0.8638,  MRp  43.94.  CjHigOp.  Calculated  43.30. 

Absorption  maximum  of  the  2,4-dlnltrophenylhydrazone  (m.p.  140*)  in  the  UV  — 243  mp  (characteristic 
of  allyl  ketones  [2]). 

After  standing  for  six  months,  the  allyl  ketone  synthesized  yielded  an  equilibrium  mixture  of  ketones,  the 
original  one  (I)  and  a  vinyl  ketone  isomeric  with  it  (II),  2,2,3-trimethylhexen-3-one-5.  The  2,4-dlnltrophenyl¬ 
hydrazone  oi  this  mixture  ot  ketones  (m.p.  131*)  had  an  absorption  maximum  in  the  UV  at  352  mp,  which  is 
characteristic  ot  the  dinitrophenylhydrazonc  of  a  —50^  mixture  of  vinyl  ketone  and  allyl  ketone. 

Irradiation  of  a  50*1^  Mixture  of  2,2-Dlmethjl-3-methylenehexanone-5  with  2,2,3-Trimethylhexen-3-one-5. 
The  mixture  of  ketones  (0.5  g)  with  the  double  bond  in  different  positions  was  irradiated  (mercury  lamp  PRK-7, 
current  strength  5  A,  at  a  distance  ot  1  cm)  in  a  quartz  tube  0.25  cm  in  diameter.  The  inadiation  yielded  pure 
2,2-dimethyl-3-methylenehexanone-5  (I),  whose  2,4-dinitrophenylhydrazone  had  m.p.  140*  (from  alcohol)  and 
an  absorption  maximum  in  the  UV  at  342  mp,  which  is  characteristic  of  allyl  ketones  [2]. 

A  mixture  of  the  two  preparation  of  ketone  (I)  melted  without  depression. 

Irradiation  of  1-Acetylcyclohexene-l.  1-AcetylcycIohexene-l  was  obtained  free  from  the  isomeric  6  ,y - 
unsaturated  ketone  by  the  acylation  of  cyclohexene  at  20*  with  acetic  anhydride  in  the  presence  of  phosphoric 
acid:  b.p.  201*  (754  mm),  n’®D  1.4887. 

The  2,4-dinitrophenylhydrazone  melted  at  195"  (from  alcohol)  and  had  an  absorption  maximum  in  the  UV 

at  365  mp  (characteristic  of  pure  vinyl  ketone  [2]). 

; 

The  1-acetylcyclohexene-l  was  irradiated  under  the  conditions  described  above.  The  2,4-dlnltrophenyl¬ 
hydrazone  obtained  from  the  irradiation  product  had  m.p.  168*  and  an  absorption  maximum  in  the  UV  at  355  mp, 
which  approximately  corresponds  to  a  507o  content  of  l-acetylcyclohexene-2  in  the  irradiation  product  of  1-acetyl¬ 
cyclohexene-l. 
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ADDITION  OF  AMINES  TO  DIACETYLENE 

A.  A.  Petrov  and  I.  A.  Maretlna 
Lensovlet  Technological  Institute,  Leningrad 


Several  papers  [1-3]  have  been  devoted  to  investigations  of  the  reaction  of  diacetylene  with  nucleophilic 
reagents.  However,  as  regards  the  addition  of  amines  to  it,  there  are  only  brief  data  without  detailed  charac¬ 
teristic^  of  the  products  obtained  [1-4]. 

We  established  that  in  benzene  solution,  even  in  the  cold  and  in  the  absence  of  catalysts,  dlacetylene 
added  dimethyl-  and  diethylamines  the  latter  was  proved  by  the  Infrared  spectra.  The  spectra  showed  Intense 
frequencies  of  a  conjugated  vinylacetylene  grouping  — CH  =CH— C  =CH  (942,  1610-1620  ,  2072  and  3288  cm"^). 

The  amines  obtained  were  colorless  oils,  which  rapidly  turned  brown  on  storage.  They  burned  the  skin. 

l-Dimethylaminobuten-l-yne-3;  b.p.  32-34*  (5  mm),  d4*®  0.8590,  n*®D  1.5152. 

Found  C  75.91,  76.14;  H  9.71,  9.71;  N  14.91.  CeHjN.  Calculated  C  75.75;  H  9.53;  N  14.72. 

l-Dicthylaminobuten-l-yne-3:  b.p.  53-54*  (5  mm),  d***  0.8556,  n*®D  1.5208. 

Found  %:  C  78.06,  77.91;  H  10.86,  10.77;  N  11.43.  C,Hi,N.  Calculated  C  77.99;  H  10.64;  N  11,37. 

The  diethylaminobutenyne  added  the  first  molecule  of  bromine  in  CCI4  at  the  triple  bond  with  the  forma¬ 
tion  of  a  dibromide,  whose  infrared  spectrum  had  the  frequencies  of  a  1,3-diene  grouping  (1543  and  1620  cm"^) 
while  the  frequencies  of  a  triple  bond  were  practically  absent. 
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ELECTRONIC  STRUCTURE  OF  T  H  10 - T H lOP HT H E N E 

E.  M.  Shustorovich 

Institute  of  Fine  Chemical  Technology  Moscow 


An  x-ray  structural  investigation  ot  the  thio-thiophthene  molecule  was  recently  published  [1].  It  was 
found  that  this  molecule  was  planar  and  had  the  structure  and  parameters  presented  below 


The  authors  explained  the  structure  and  aromatic  character  ot  thio-thiophthene  by  superposition  of  the 
structures 


s — s  s 

i  i  I 

II  II 


s  s — s 

il  I  I 

C  C  Cv 

llaC^  \cj5^\c/^CH3 

H  H 


This  virtually  assumes  (although  the  authors  did  not  state  this)  delocalization  of  the  S  —  S  o-bond  In  the 
general  system  with  the  ir  -electrons  of  the  rings. 

It  seems  nx>re  natural  to  us  that  In  the  thio-thiophthene  molecule  there  occurs  delocalization  of  the  eight 
»  -electrons  in  the  blcyclic  field  of  eight  centers  (I). 


H,C 


S  S  S 

i*  -i  -I 

c  c  c 

/  \./  V.  \ 


CM, 


(I) 


0  0  0 

I-  -I  4 
/\.A.A 

MjC  C  C  CM, 
H  H 

(II) 


Here  the  S  —  S  bonds  are  pure  ir  -bonds  without  a  -bonds  analogous  to  what  was  proposed  by  Coulson  and 
Duchesne  for  the  N  -  N  boiids  in  NjQi  [2]. 

This  structure  agrees  with  the  fact  that  the  molecule  is  flat  and  with  the  observed  values  of  the  angles 
and  interatomic  distances.  The  distance  between  sulfur  atoms  equals  2.36  A*,  while  the  length  of  an  ordinary 
S  —  S  bond  (in  compounds  of  the  type  R  —  S  —  S  —  R)  equals  2.04  A*  [3].  b  may  be  noted  that  the  N  —  N  distance 
in  Nx04,  for  which  a  ir  -bond  without  a  o-bond  has  also  been  proposed,  equals  ~1.7  A*  [3],  while  in  H|N-NH|  it 
equals  1.48  A*  [3].  The  increase  in  the  X  —X  distance  (X  =  N,  S)  is  approximately  the  same  (15-16%)  in  the 
two  cases.  The  values  of  the  overlap  integrals  we  calculated  for  these  N  -  N  (2pir )  and  S  —  S  (3pTr )  ir  -bonds 
were  also  approximately  the  same  (~0.08)  [4]. 
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In  this  connection,  we  may  understand  why  the  formation  of  the  oxygen  analog  of  thlo-thlophthene  (11) 
must  be  difficult.  In  this  case  the  0  —  0  distance  remains  equal  to  2.36  A*,  since  it  is  determined  by  the  disposi¬ 
tion  of  the  skeleton  of  carbon  atoms  and  the  value  of  the  overlap  integral  for  the  2pit  -orbit  of  oxygen  at  this 
distance  must  be  equal  to  only  0.004  [4],  i.e.,a  factor  of  approximately  20  less  than  for  the  S  —  S  ir  -bond. 

The  author  would  like  to  thank  Ya.  K.  Syrkin  and  M.  E.  Dyatkina  for  comments  made  during  discussion 
of  the  results. 
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discussion 


THE  PROBLEM  OF  A  RATIONAL  TERMINOLOGY 
FOR  CHELATE  FORMATION 

V .  M  .  D  z  lo m  ko 


The  phenomenon  of  chelate  formation  (chelation)  and  the  synthesis  of  comp>ounds  capable  of  chelate  for¬ 
mation  has  received  a  great  deal  of  attention  In  the  literature.  Meanwhile,  no  sufficiently  suitable  term  exists  for 
denoting  com|X)unds  forming  chelates.  The  terms  used  —  "chelate -former",  "cyclic  complex -former"  and 
"chelating  agent"  —  are  either  too  cumbersome  or  inconvenient  for  the  Russian  language.  The  term  "chelate 
compound"  [1]  is  also  unsatisfactory  as  many  chemists  use  it  to  denote  metallochelates  and  not  substances  capable 
of  chelation.  In  analogy  with  the  rational  terminology  of  ion  exchange  [2],  it  seems  advantageous  to  use  the 
rational  term  chelant  for  this  purpose. 


Process 


Product  obtained  as 

Agent  used  for  process  a  result  of  process 


Absorption 

Elution 

Chelation 

Sequestration 


Absorbent 

Eluent 

Chelant 

Sequestrant 


Absorbate 

Eluate 

Chelate 

Sequestrate 


The  term  "sequestering  agent"  [3]  is  also  best  replaced  by  the  rational  term  "sequestrant"  [4]. 

The  use  ot  the  new  term  also  makes  it  possible  to  avoid  the  inconvenience  mentioned  above  in  connection 
with  the  use  of  the  term  "chelate  compound". 
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